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Abstract 
Progress Towards Accessing a C3V [6,6] Nanotube End-cap and Development of a 
Microwave Assisted Anionic Cyclodehydrogenation Reaction 
 
Anthony P. Belanger 
Dissertation Advisor: Dr. Lawrence T. Scott 
 
This dissertation describes the work that has been carried out towards accessing a 
C3V [6,6] nanotube end-cap through rational chemical synthesis. Continued advancement 
in carbon nanotube research has driven scientists to develop a successful route to usable 
quantities of nanotubes that are homogeneous in structure. Due to the current inability to 
separate nanotube mixtures efficiently, researchers in fields ranging from chemistry to 
computer science have been unable to exploit fully all that these unique molecules have 
to offer. Our envisioned approach to this obstacle involves elongation of a template end-
cap using iterative growth chemistry.  
The final stage of the proposed end-cap synthesis involves the execution of a six 
fold cyclodehydrogenation reaction. To carry out this desired transformation, a new 
microwave assisted variant of the anionic cyclodehydrogenation reaction has been 
developed. Through this chemistry we have been able to access a variety of both known 
and novel polycyclic aromatic hydrocarbons, often in impressively high yields. We hope 
that this chemistry will be useful to us in accessing the target nanotube end-caps, and to 
others in providing a new route to accessing a variety of polycyclic aromatic hydrocarbon 
cores. 
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Chapter 1 
The Challenge of Accessing a Unique Carbon Nanotube 
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1.1. An Introduction to Carbon Nanotubes 
Since 1985, when buckminsterfullerene (C60) was first discovered by Kroto, 
Heath, O’Brien, Curl and Smalley,1 scientists have dreamed of accessing a plethora of 
other theoretical molecules also belonging to the family of curved polycyclic aromatic 
hydrocarbons (PAHs). The fact that these unique molecules did not lie within a flat plane 
meant that they likely possessed a variety of interesting properties that had yet to be 
discovered. Upon theoretical and experimental exploration, one class of curved PAHs 
began to show great promise for utility in a variety of fields ranging from computer 
science to medicine. These molecules soon became known as carbon nanotubes. Before 
discussing some of the interesting applications of, and motivations behind accessing, 
carbon nanotubes, let us first take a closer look at the molecule itself.  
 
Figure 1.1. Rolling a carbon nanotube from a sheet of graphite2 
                                                            
1 Kroto, H. W.; Heath, J. R.; O’Brien, S. C.; Curl, R. F.; Smalley, R. E. Nature. 1985. 318, 162-163. 
2 http://upload.wikimedia.org/wikipedia/commons/3/35/CNTnames.png 
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Like diamond, graphite, and fullerenes, carbon nanotubes are considered to be 
unique allotropes of carbon. As for the specific atomic structure, if one were to cut a 
rectangular section out of a sheet of graphite, roll it up into a cylinder and merge the 
overlapping carbons, in essence one would have made a carbon nanotube. Of course there 
are many different ways in which one could initially cut a rectangle from a graphite sheet, 
each resulting in a unique carbon nanotube. Regardless of the tube formed, it can be 
categorized into one of three families; armchair, zigzag, or chiral. If the carbons along the 
circumference of the rim form a pattern like the one following the dashed line entitled 
“zigzag” in figure 1.1, then the tube is classified as a zigzag nanotube. If instead they 
form a pattern like that depicted along the line entitled “armchair” in figure 1.1, then the 
tube is classified as an armchair tube. If neither of the aforementioned patterns describes 
the path that the carbons trace out along the rim of the tube, then it is considered chiral. A 
better sense of this chirality can be obtained by looking down the axis of the tube. If 
multiple nanotubes share a concentric axis, it is then considered a multi-walled nanotube 
(see figure 1.2). 
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Multi-walled                     Armchair   Zigzag   Chiral 
 
 
 
 
Figure 1.2. Carbon nanotube varieties 
 
1.2. Applications and Properties of Carbon Nanotubes 
 While these tubes may seem very similar from a macroscopic standpoint, their 
subtle variations in structure affect the properties of each tube.3 For example, calculations 
have predicted that armchair nanotubes will be conductive, while only one third of all 
zigzag and chiral nanotubes will possess this property. This is turn has made armchair 
nanotubes  particularly attractive targets. A conductive tube of this size could be 
employed to drastically reduce the size of all types of circuit dependent electronic 
                                                            
3 Carbon nanotubes: synthesis, structure, properties, and applications; Dresselhaus, M. S.; Dresselhaus, 
G.; Avouris, Ph., Eds.; Springer: Berlin, 2001. 
ArmchairMulti-walled Zigzag Chiral  
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devices. Using the carbon nanotube as a nanowire, various research groups have already 
begun exploring their use in electronics of the future.4 In figure 1.3, a carbon nanotube is 
shown built into an integrated logic circuit.  
 
Figure 1.3. Carbon nanotube logic circuit and size comparison to a human hair 
The diameter of a carbon nanotube is approximately one tenth of the width of a 
channel carved by traditional silicon lithography techniques. If nanotubes were used as a 
                                                            
4 Tseng, Y.; Xuan, P.; Javey, A.; Malloy, R.; Wang, Q.; Bokor, J.; Dai, H. Nano Lett., 2004, 4, 123-127. 
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substitute for lithography, two dimensional chips could theoretically occupy just one 
hundredth of the area that they currently fill. 
Another astounding property that nanotubes possess is that of extremely high 
tensile strength (See chart 1.1). Tensile strength is a measurement of the amount of force 
required to pull apart a given material. Bone is known to be a particularly strong 
biological material weighing in at about 3 times stronger than pine wood. Structural steel 
has a tensile strength about ten times that of pine wood. Another incredibly strong 
material found in nature is spider silk weighing in with three times the tensile strength of 
structural steel.5 None of these materials, however, can compare to the incredibly strength 
possessed by carbon nanotubes. The largest recorded tensile strength of a single carbon 
nanotube now stands at 63,000 MPa.6 This means that a carbon nanotube cable with a 
cross sectional area of 1 square millimeter would be capable of supporting an astonishing 
13,889 lbs! Having large scale access to materials of this incredible strength would surely 
open the door to achieving remarkable engineering feats. 
 
 
 
 
 
                                                            
5 Vollrath, F.; Knight, D. P. Nature, 2001, 410, 541-548. 
6 Yu, M.-F.; Lourie, O.; Dyer, M. J.; Moloni, K.; Kelly, Y. F.;Ruoff, R. S. Science, 2000, 287, 637-640. 
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Chart 1.1. Tensile strength of carbon nanotubes compared to other structural materials6,7 
 
1.3. Framing the Challenge 
Unfortunately, current carbon nanotube production methods make mixtures of all 
tube varieties depicted in figure 1.2. While many efforts have been made to purify 
particular types of carbon nanotubes, one approach that is particularly fascinating utilizes 
DNA.8 Researchers have found that when DNA wraps around a carbon nanotube, the 
tube becomes soluble. Because there are minor variations in the way in which the 
                                                            
7 http://en.wikipedia.org/wiki/Tensile_strength accessed on 11/5/08. 
8 Zheng, M.; Jagota, A.; Semke, E. D.; Diner, B. A.; Mclean, R. S.; Lustig, S. R.; Richardson, R. E.; Tassi, 
N. G. Nature Materials, 2003, 2, 338-342. 
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DNA/nanotube interaction occur (depending on the particular variety of the tube), when 
the DNA/nanotube mixture is passed through an anion exchange column, enrichment of 
nanotube varieties can occur (See figure 1.4). 
   
 
 
 
 
  
 
Figure 1.4. Using DNA as a method of nanotube separation8 
While this method is interesting, along with all other known attempts at 
purification, it still fails to provide access to any one particular type of carbon nanotube. 
Our approach to this problem circumvents any issues associated with separation by 
relying on rational chemical synthesis. Instead of making a mixture of all types of 
nanotubes, we propose building an end-cap template from which one specific variety of 
nanotube may be grown (See figure 1.5). The template itself is a highly curved polycyclic 
aromatic hydrocarbon. We envision that once synthesized, we will be able to use an 
“acetylene-like” feed stock to grow the end-cap into the related carbon nanotube in an 
Mixture f49 f47 
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iterative fashion. All tubes produced by this method may be varied in length, but they 
should all be identical in diameter and chirality. 
 
Figure 1.5. Growing a single walled carbon nanotube from an end-cap template 
We have chosen to target a nanotube end-cap which when grown, will become a 
conductive armchair nanotube. With the challenges and implications of this project now 
framed, it is clear that success is dependent on accessing the desired nanotube end-cap. 
The work presented in the following chapters describes progress made towards that end. 
10 
 
 
 
 
 
Chapter 2 
Approaching the C3V [6,6] Nanotube End-cap Through 
Rational Chemical Synthesis 
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2.1. Introduction 
In the previous chapter, our general approach to the rational chemical synthesis of 
a carbon nanotube was explained. Now we will take a closer look at the C3V [6,6] 
nanotube end-cap that is being targeted. As implied by the name, this end-cap does in fact 
possess 3-fold rotational symmetry. This symmetry allows for a retrosynthetic dissection 
back to a trimeric end-cap precursor. This trimeric precursor is composed of 3 individual 
corannulene-based subunits. Having curved subunits built into the end-cap precursor 
should make the final step of accessing the end-cap much less demanding, as much of the 
strain will already have been built into the molecule. (Figure 2.1) 
 
 
 
 
 
Figure 2.1. Dissection of the C3V [6,6] nanotube end-cap to trimeric precursor 2 
This trimer can then be synthesized by way of aldol trimerization of the 
corresponding monomeric ketone 3 (Figure 2.2). Aldol trimerizations similar to the one 
envisioned here have been used to synthesize a variety of molecules that are trimeric in 
1 2 
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structure.1 The challenge then becomes synthesizing the required ketone. To accomplish 
this, we begin our forward synthesis in section 2.2 with cheap, commercially available 
mesitylene. 
 
 
 
 
 
Figure 2.2. Retrosynthesis of trimer 2. 
 
2.2. Forward Synthesis to Acecorannulylene2 (10) 
The synthesis of acecorannulylene (10) was first reported in 1993 by Rabideau et 
al.3 This method utilized flash vacuum pyrolysis, and had a low yield of 10-15% (scheme 
2.1). In addition, the scale to which pyrolytic reactions are limited is too small to produce 
enough material to be carried on effectively for several subsequent reactions before 
                                                            
1 Boorum, M. M.; Scott, L. T. The synthesis of tris-annulated benzenes by aldol trimerization of cyclic 
ketones. In Modern Arene Chemistry; Astruc, D., Ed.; Wiley-VCH: 2002; pages 20-31. 
2 The extra “yl” in the name “acecorannulylene” is consistent with literature nomenclature for the unsatured 
five membered ring bridge.  
3 Abdourazak, A. H.; Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1993, 115, 3010-3011. 
O
2 
3 
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accessing the target end-cap. Luckily, a 1999 synthesis by Siegel et al.,4 employing all 
solution phase chemistry, could potentially allow for quantities of acecorannulylene to be 
produced in the multi-gram range. While this was a vast improvement from the 
previously reported flash vacuum pyrolysis method, we would still need to scale up all of 
the reported reactions and further optimize conditions if we were to have a chance at 
successfully reaching our target end-cap. 
Scheme 2.1. Rabideau’s pyrolytic approach to acecorannulylene 
 
Our synthetic sequence begins with the benzylic chlorination of mesitylene. This 
reaction was first reported by H. C. Brown in 1939.5 Using sulfuryl chloride as the 
limiting reagent, so as not to over chlorinate, we were able to easily access large 
quantities of chloromesitylene (4) (~80 g per reaction). This was then converted to the 
corresponding Grignard reagent, which reacted in situ with lithium acetylacetonate. The 
crude product was allowed to reflux in HBr and AcOH to give 1,3,6,8-
tetramethylnaphthalene (5) in 27% yield (scheme 2.2).6 This was then converted to 
                                                            
4 Seiders, T. J.; Elliott, E. L.; Grube, G. H.; Siegel, J. S. J. Am. Chem. Soc. 1999, 121, 7804-7813. 
5 Kharasch, M. S.; Brown, H. C. J. Am. Chem. Soc. 1939, 61, 2142. 
6 Boudjouk, P.; Ohrbom, W. H.; Woel, J. B. Synth. Commun. 1986, 16, 401-410. 
10 
14 
 
quinone 6 in 47% yield by Friedel-Crafts acylation using oxalyl chloride and aluminum 
chloride.7 A double aldol condensation was then carried out using 3-pentanone, 
converting quinone 6 to intermediate 7. Since intermediate 7 does not fully dehydrate to 
the desired diene necessary for the subsequent Diels-Alder reaction, it is refluxed in a 
mixture of norbornadiene and acetic anhydride. Once the diene is formed it immediately 
and irreversibly reacts with norbornadiene to give 1,3,4,6,7,10-hexamethylfluoranthene 
(8) in 80% yield, accompanied by loss of cyclopentadiene and CO.7 Compound 8 was 
then exhaustively benzylically brominated to give 9 in an impressive 95% yield. 
Scheme 2.2. Forward Synthesis to 1,3,4,6,7,10-hexakis(dibromomethyl)fluoranthene 
 
 
 
 
 
 
 
 
 
                                                            
7 Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1999, 121, 7800-7803. 
Cl
OH O
O O
O
HO
SO2Cl2 Mg(0)
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HBr
AcOH
(COCl)2
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With the precursor to acecorannulylene in hand, the reductive coupling reported in the 
literature by both Siegel4 and Rabideau7 was next explored and optimized. 
 
2.3. Modifying the Reductive Coupling 
Scheme 2.3. Acecorannulylene from 1,3,4,6,7,10-hexakis(dibromomethyl)fluoranthene 
 
The conversion of 9 to acecorannulylene (10) by Rabideau using a reductive 
coupling was reported to give the desired product in a 20-30% yield on a 60 mg scale.7 In 
our initital investigation, we found that using titanium tetrachloride as opposed to 
vanadium trichloride gave the same yields, while at the same time being more cost 
effective (Acros Organics pricing: 250 mL TiCl4 = $60.10, 250 mL VCl3 = $1250.00). 
Upon trying to further purify 10, it was found that more product was lost to silica with 
each round of purification. This led us to believe that the low yield of this reaction may in 
fact be attributed to polymerization, decomposition, or simply irreversible adherence to 
silica upon contact. Since silica is slightly acidic, and silica seemed to be somewhat 
responsible for loss of product, the general reaction conditions themselves may also have 
been contributing to loss of product. To remedy this, several conditions were modified.  
9 10 
16 
 
First, the reaction time was reduced from 15 h to 1 h 45 min to minimize the 
amount of time in which the product may be polymerizing or decomposing. Additionally, 
a high dilution set-up was employed as shown in figure 2.3. This setup allows refluxing 
THF to further dilute the added starting material so as to discourage any intermolecular 
couplings that may occur. Lastly, the separation was carried out on basic alumina as 
opposed to silica, again to limit the product’s exposure to potentially detrimental acidic 
conditions. It should also be noted that while working with 10 one should always be 
careful to keep the compound at room temperature or lower (even while using a rotary 
evaporator).  
 
Figure 2.3. Acecorannulylene high dilution set-up. 
17 
 
 By using the set-up shown in figure 2.3, and the modified conditions discussed 
above, the yield of this reaction was more than tripled, giving 10 in 66% yield and on a 
scale of 1.17 g. Considering that six new carbon-carbon bonds are being formed in this 
reaction, this yield translates to a 93% per bond yield! The purity of the product obtained 
by our modified procedure was generally found to be greater than that originally reported 
in the literature, as the production of a side product of acecorannulene (saturated 5 
membered ring bridge) was greatly minimized. 
 
2.4. The Oxidation of Acecorannulylene: 
2.4.1. Wacker Oxidation 
Previous unpublished work by postdoctoral fellow James Mack of our group had 
sought to convert 10 to ketone 3 by Wacker oxidation. While this work was unsuccessful 
at the time, such a well established oxidation reaction on a relatively well exposed olefin 
should show at least some conversion. Upon taking a closer look at the originally 
attempted reaction conditions, it was noted that the solubility of the starting material 
might be posing as the main obstacle. The traditional Wacker oxidation calls for the use 
of acetonitrile as the major solvent component along with a small amount of water, which 
is to be taken up in the oxidation process. Dissolving larger PAHs in a polar solvent such 
as acetonitrile is a difficult task on its own, without the addition of water. With water, it 
would seem tremendously difficult to get the concentration of 10 high enough in solution 
to effectively carry out this oxidation.  
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To address this problem, THF was employed as a co-solvent. While THF is in fact 
relatively polar, it has an unusual knack for dissolving large curved PAHs. Additionally, 
THF is miscible with water, which is required in this reaction. Employing THF as a co-
solvent granted access to 3 in 58% yield (scheme 2.4).  
Scheme 2.4. Acecorannulen-1-one (3) by way of Wacker oxidation 
 
While synthesizing this molecule allowed forward progress towards the target 
end-cap (1), we wanted to explore the possibility of approaching the ketone through the 
related alcohol to see if we could achieve a greater yield.  
  
2.4.2. Accessing Acecorannulen-1-one by way of Acecorannulene-1-ol (11) 
 With the yield of the Wacker oxidation not being particularly impressive, we next 
sought to access the desired ketone by hydration, followed by PCC oxidation (Scheme 
2.5). While this is a two step process as opposed to direct access via Wacker oxidation, 
the hope was that the overall yield would be greater, as the hydration and oxidation 
reactions generally tended to be higher yielding. 
10 3 
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Scheme 2.5. Accessing the ketone by way of the alcohol 
 
  Our initial efforts at converting acecorannulylene to the corresponding alcohol 11 
employed mercuric acetate. Using mercuric acetate in aqueous THF, we were able to 
access alcohol 11 in low yields (22%). Interestingly, two alcohols are observed. Because 
there is an endo and an exo face of the double bond where the chemistry is occurring (this 
is due to the existence of two differing faces of the curved corannulene bowl), there is the 
possibility to form two diastereomeric products, as shown in figure 2.4. 
 
Figure 2.4. Mercuric acetate diastereomeric hydration. 
Interconversion between the two alcohol diastereomers could theoretically be 
achieved through a bowl inversion process. Because we were able to separate a small 
quantity of each diastereomer, it is safe to say that this inversion occurs extremely slowly 
10 11 3 
10 11a 11b 
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at room temperature. The diastereomeric protons on the 5 membered ring can be seen in 
the two proton NMR spectra shown in figure 2.5. Which spectrum belongs to the endo 
isomer (11a) and which belongs to the exo isomer (11b) remains unknown. 
Figure 2.5. Aliphatic 1H NMR signals of the two alcohol diastereomers 11a and 11b 
Subsequent PCC oxidation of the oxymercuration-demercuration product mixture 
gave ketone 3 in 40% yield. This further supported that we had indeed formed the 
suspected alcohols. However, since neither the yield of the PCC oxidation nor the yield 
of the hydration were improvements over the yield obtain in converting acecorannulylene 
directly to ketone 3, this route was abandoned. With the ketone in hand, we then began to 
explore aldol trimerization conditions. 
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2.5. Accessing Trimer 2 
2.5.1. Analysis of Trimer 2 
Before we begin a discussion of the ways in which the trimer can be synthesized, 
first we must flesh out some of the details surrounding the molecule itself. Upon three 
dimensional analysis, one notices that there are in fact two possible conformational 
isomers of the trimer that can be formed. One isomer has each of the subunit bowls 
curved in the same direction (2a), while the other isomer has two of the bowls curved in 
the same direction and the remaining bowl curved in the opposite direction (2b). (Figure 
2.6).  
          
Figure 2.6. Conformational isomers of trimer 2 
Initially, we were unsure as to which isomer we would observe. Isomer 2a was 
thought to be closer in structure to the end-cap, and therefore more advantageous if 
formed. In this isomer all of the bowl subunits would be curved in the same direction; 
therefore, no bowl inversions (and associated higher transition state energies) would be 
required en route to the target end-cap. We then carried out B3LYP/6-31G* calculations 
2a 2b 
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on each isomer and found 2b to be lower in energy by 5.5 kcal/mol. If this isomer turned 
out to be the one formed by the aldol trimerization reaction of ketone 3, a bowl inversion 
would be required of one of the subunits in order to arrive at the conformation needed to 
access the target end-cap. 
 
2.5.2. The Aldol Trimerization 
Previous work by Aaron Amick showed that in general, optimum conditions for 
carrying out aldol trimerizations involve the use of p-TsOH·H2O and propionic acid in o-
dichlorobenzene.8 After consulting with Dr. Amick, it was decided that using a 
combination of p-TsOH·H2O and benzoic acid might work best for synthesizing my 
trimer. Initial attempts at using these conditions on 3 led to no product formation. We did, 
however, see clean product formation (albeit in only 6% yield) when BBr3 was used as 
the acid, and 1,1,2,2-tetrachloroethane was used as the solvent. In this reaction, the vast 
majority of the monomer ketone (3) was converted to dimeric ketone (12). This had the 
effect of driving the reaction into a dead end. With no remaining monomer and a sea full 
of dimer, further formation of trimer was hopeless. Addition timing and concentration 
were both varied with the hoped of increasing the yield of trimer, but to no avail. 
 While this yield is low, much can go awry over the course of this reaction. 
Several rounds of addition, dehydration and tautomerization need to proceed in the 
proper sequence, as depicted in scheme 2.6, in order to effect successful formation of the 
                                                            
8 Amick, A. W.; Scott, L. T. J. Org. Chem. 2007, 72, 3412-3418.  
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desired trimer. Several undesired aldol sequences can lead to tetramer and other higher 
oligomers. To form the undesired tetramer, two dimers (12) may come together to form a 
tetramer, or perhaps the uncyclized trimer (13) picks up one more monomer ketone unit 
(3). Given all that may arise during the course of this reaction, it is actually almost 
surprising that we can in fact isolate any cyclic trimer. 
Scheme 2.6. Aldol trimerization pathway to form 2 
 
With regards to which isomer of trimer formed, analysis of the proton NMR 
spectrum of the trimer (Figure 2.7) showed three downfield singlets. These clearly show 
3 
12 
13 
2 
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the formation of isomer 2b as the observed product. Had 2a been formed, time-averaged 
C3V symmetry would be expected, which would have only one downfield singlet.  
 
 
 
 
 
 
 
 
Figure 2.7. 1H NMR spectrum (400 MHz, 1:3 CDCl3:CS2) of trimer 2b (arrows in the 
corannulene arms signify relative bowl curvature) 
This experimentally obtained proton NMR spectrum also correlates beautifully 
with the calculated NMR spectrum of the suspected isomer at the B3LYP/6-31G* level 
of theory (table 4.1, referenced to the calculated chemical shift of benzene). The average 
deviation of all the calculated shifts from those obtained experimentally was only 0.03 
ppm (the largest individual variation being 0.10 ppm). This demonstrates the high 
accuracy of B3LYP/6-31G* calculations for curved PAH molecules. 
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Table 4.1. B3LYP/6-31G* calculated 1H NMR shifts compared to 
experimental 1H NMR shifts for trimer 2b 
B3LYP/6-31G* 
(ppm) Experimental (ppm) 
Deviation 
(ppm) 
7.54 7.51 0.03 
7.57 7.56 0.01 
7.60 7.58 0.02 
7.64 7.59 0.05 
7.65 7.62 0.03 
7.72 7.73 0.01 
7.75 7.75 0.00 
7.77 7.77 0.00 
8.36 8.26 0.10 
8.60 8.59 0.01 
8.76 8.74 0.02 
average deviation = 
 
0.03 
 
Since we were forming a conformer of the trimer that would require inversion of a 
bowl subunit at some point along its reaction pathway towards end-cap, we needed to 
assess the feasibility of trimer 2b bowl inversion. 
 As compared to the corannulene parent system, it is expected that the bowl 
subunits on trimer 2 should have a relatively high inversion barrier. Tethers across the 
peri positions of corannulene have been shown to increase both bowl depths and 
inversion barriers.9 A good approximation would be to examine the inversion barrier of 
acecorannulylene (10), as this can be mapped directly onto trimer 2. This barrier has not 
been measured experimentally, but the corresponding hydrocarbon with a saturated 
                                                            
9 Seiders, T. J.; Baldridge, K. K.; Grube, G. H.; Siegel, J. S. J. Am. Chem. Soc., 2001, 123, 517-525. 
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bridge (acecorannulene) has been found to invert with a barrier of 27.7 kcal/mol.10 This 
correlates to a bowl inversion half-life of 140 sec at 125 °C. While this may be slow on 
the NMR time scale, if the subsequent cyclodehydrogenation reaction is run hot, we 
should be able to invert the corannulene subunits of trimer 2b at a rate sufficient to access 
end-cap 1.  
To experimentally examine this question, a high temperature NMR temperature 
study was executed. The results of the temperature study are somewhat inconclusive, 
unfortunately, because we cannot access temperatures over ~125 °C in our 500 MHz 
NMR. However, we can definitely begin to see the signs of coalescence as the span over 
which these singlets range decreases from a 0.55 ppm range to a 0.49 ppm range (an 11% 
change) as the temperature is raised to 125 °C. (see figure 2.8) 
 
 
 
 
 
 
 
                                                            
10 Sygula, A.; Abdourazak, A. H.; Rabideau, P. W. J. Am. Chem. Soc. 1996, 118, 339-343. 
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Figure 2.8. Variable temperature proton NMR (500 MHz, C2D2Cl4) of trimer 2b 
Given that coalescence is beginning to occur at temperatures around 100 °C, we 
suspect that as long as the subsequent cyclodehydrogenation reaction is run at 
temperatures of 100 °C or above, subunit bowl inversion should occur. 
In studying the formation of trimer 2b, we also explored other solvents to be used 
in the Lewis acid promoted aldol trimerization of ketone 3. If carbon disulfide was used 
as the solvent, the reaction yielded 96% dimeric material (12), with no observable trimer. 
We suspect this is largely due to the much lower temperature used when carbon disulfide 
was employed as the solvent. With hopes of increasing product formation by raising the 
temperature of the reaction, 1,2-dichlorobenzene was also tried as the solvent. While this 
did yield trimeric product in comparable yield, mass analysis shows that the product is 
8.
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tainted by multiple additions of bromine. Because the use of tetrachloroethane yields only 
clean, unbrominated trimer, it is currently accepted as the most satisfactory way to access 
trimer 2. 
 Due to the very low yields associated with the trimerization reaction, we decided 
to explore a few other routes for accessing trimer 2. 
 
2.5.3. Alternative Routes to Trimer 2 
In addition to approaching trimer 2 directly from ketone 3, a few other methods 
were explored. In the first, we try to make use of the easily accessible dimer 12, and in 
the second, we attempt a similar trimerization using an easily accessed epoxide (14) as 
opposed to a ketone. (Scheme 2.7) 
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Scheme 2.7. Alternative trimerization retrosyntheses 
 
 
 
 
 
 
 
2.5.3.1. Attempted Synthesis of Trimer 2 from Dimer 12 and Ketone 3 
 Since the dimer was so easily accessible using carbon disulfide as the solvent in 
the previously discussed trimerization attempts, it was natural to think that we could 
simply use this dimer in conjunction with monomeric ketone 3 to form the desired trimer 
under working trimerization conditions (scheme 2.8). We attempted this by slowly 
carrying out syringe addition of a solution of ketone 3 and simultaneous syringe addition 
of a solution of dimer 12 to a refluxing solution of BBr3. 
 
 
 
2 
12 
3 
3 
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Scheme 2.8. Attempted synthesis of trimer 2 through a dimer/monomer aldol 
condensation 
 
Unfortunately, this yielded only trimer in the amount that one would expect if the 
dimer were not present at all. The proton NMR spectrum of this reaction mixture shows 
almost exclusively dimer, with only a trace amount of trimer noticeable just above the 
baseline. This route was determined to be no better, if not worse than using solely 
monomeric ketone 3. 
 
2.5.3.2. Accessing Trimer 2 from Epoxide 14 Using an Acid Catalyzed Trimerization 
In order to determine whether forming the desired trimer by way of the epoxide 
was feasible, we first needed to synthesize epoxyacecorannulene (14). This was 
accomplished by reacting 10 with mCPBA, which gave the desired epoxide in 8% yield 
3 
12 2 
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(Scheme 2.9). This low yield may be attributed to the acidic nature of the reaction, as we 
already suspect such conditions to be responsible for the decomposition of 10. 
Scheme 2.9. Epoxidation of acecorannulylene 
 
It should be noted that the epoxide seemed to form only one of the two possible 
diastereomers, based on proton NMR data; we suspect the one in which the epoxide 
oxygen is on the exo face of the bowl. 
 All attempts at trimerizing the epoxide using the best previously established 
Lewis acid conditions (in reference to ketone 3) failed. Because access to the trimer was 
provided most readily through direct aldol trimerization of ketone 3, this was employed 
as the primary method for accessing trimer 2 in usable quantities. 
 
2.6. Attempts to Cyclodehydrogenate Trimer 2 
2.6.1. Rationale for Seeking a Solution Phase Cyclodehydrogenation Method 
 With the trimer in hand, the final step of the synthesis could now be attempted: a 
six fold cyclodehydrogenation reaction. Other related syntheses that had demanded 
similar transformations to access curved unfunctionalized polycyclic aromatic 
10 14 
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hydrocarbons often rely heavily on flash vacuum pyrolysis. Take for instance the 
established transformation of decacyclene to circumtrindene (scheme 2.10). 
Scheme 2.10. Flash vacuum pyrolysis as a method of cyclodehydrogenation11,12 
 
In this reaction, flash vacuum pyrolosis is employed to form 3 new aryl-aryl 
bonds in low yield.11 While it is known that functionalizing decacyclene with halogen 
radical precursors enhances the yield up to 40%,12 it would be most desireable to use a 
synthetic method that employs solution phase chemistry, offers higher yields, and is not 
constrained by the need to incorporate radical precursors. In this vein, we set out to 
explore a variety of known solution phase cyclodehydrogenation methods and to develop 
one of our own. 
 
2.6.2. Lewis Acid/Oxidant Cyclodehydrogenation Attempts 
 In a wide range of breathtaking reactions, Klaus Müllen has demonstrated the 
incredible potential of Lewis acidic mediated cyclodehydrogenations. As shown in 
                                                            
11 Scott, L. T.; Bratcher, M. S.; Hagen, S. J. Am. Chem. Soc. 1996, 118, 8743-8744. 
12 Ansems, R. B.; Scott, L.T. J. Am. Chem. Soc. 2000. 122, 2719-2724. 
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scheme 2.11, using this chemistry allows for the formation of 54 new aryl-aryl bonds in 
an astonishing 62% yield.13 What makes this reaction even more appealing is its relative 
simplicity. While this reaction has yet to be applied to curve PAH molecules, the 
precedents are so well established in planar systems, that it seems a natural and obvious 
method to use in cyclodehydrogenating trimer 2. 
Scheme 2.11. Klaus Müllen’s Lewis acid/oxidant cyclodehydrogenation 
 
Unfortunately, attempting to extend this methodology to our trimer failed to yield 
the desired target nanotube end-cap (see experimental section for details).  
 Similar conditions were reported by Ben King et al. using either MoCl5 or FeCl314 
(amongst other acid/oxidant conditions), also demonstrating a high yielding 
cyclodehydrogenations of hexaphenyl benzene to give hexabenzocoronene (scheme 
                                                            
13 Simpson, C. D.; Brand, J. D.; Berresheim, A. J.; Przybilla, L.; Räder, H. J.; Müllen, K. Chem.-Eur. J. 
2002, 8, 1424-1429.  
14 In using FeCl3, King is drawing on previous work carried out by Müllen (see reference 13). 
34 
 
2.12).15 Noting the success on these planar systems, we then turned to these conditions to 
cyclodehydrogenate our trimer. In using either of these two conditions, occassionally, 
chlorination of the starting material was observed, but no cyclodehydrogenation product 
was ever observed. 
Scheme 2.12. King’s cyclodehydrogenation of hexaphenylbenzene 
 
For an unknown reason, Lewis acidic/oxidant cyclodehydrogenation conditions 
did not seem to be working on trimer 2. We speculate that it may in some way be related 
to the curvature of the molecule, but we have no evidence to explain the results. At this 
point we decided to explore a reaction that has seen little attention but could be 
potentially very useful in our and many other PAH (both curved and planar) syntheses: 
the anionic cyclodehydrogenation. 
 
 
 
                                                            
15 Rempala, P.; Kroulίk, J.; King, B. T. J. Am. Chem. Soc. 2004, 126, 15002-15003. 
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2.6.3. Attempting to Access a Nanotube End-cap via Reductive Cyclodehydrogenation 
 Although less well studied, PAHs have also been cyclized by anionic 
cyclodehydrgenations. The reaction is initiated by electron donation to the hydrocarbon 
to be cyclized by an alkali metal. While the details of the subsequent mechanism remain 
unclear, based on observations by Rabinovitz et al., the new bond is formed, followed by 
subsequent loss of hydrogen (re-aromatization)(Scheme 2.13). 
Scheme 2.13. General mechanism for the anionic cyclodehydrogenation16 
 
 While Rabinovitz’s paper depicts a mechanism in which the hydrogen is lost as 
H2, evidence has yet to be presented to support this. There are, in fact, two conceivable 
ways by which hydrogen loss can occur: by loss of 2H- (hydride) or by loss of H2. 
Because loss of 2H- would require that at least two moles of alkali metal are consumed 
for each mole of cyclodehydrogenation product formed, while loss of H2 would result in 
the net consumption of no alkali metal, we believe that a simple stoichiometry 
experiment should reveal which mechanism is operating. If a 1:1 molar ratio of starting 
material to alkali metal is used and the yield of the reaction is greater than 50%, then 
hydrogen cannot be lost as two hydrides. If one takes into account the reduction of each 
                                                            
16 Ayalon, A.; Rabinovitz, M. Tetrahedron Lett. 1992, 33, 2395–2398. 
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product molecule to its radical anion under the conditions of the cyclization, then 
hydride-loss mechanism would consume three moles of potassium for every mole of 
product formed, whereas the H2-loss mechanism would consume only one mole of 
potassium. In the future we plan to carry out this experiment in order to further uncover 
the operational mechanism of the anionic cyclodehydrogenation. 
Since little work had been done to explore the synthetic utility of the anionic 
cyclodehydrogenation, we decided to perform a series of studies to determine whether 
this reaction would provide a viable route to accessing the target nanotube end-cap. These 
studies, along with a more extensive review of the precedents for this reaction are 
discussed in chapter 3. Based on the findings in the next chapter, it seemed as if the 
anionic cyclodehydrogenation would, in fact, provide a route to the end-cap. Attempts at 
cyclodehydrogenation of trimer 2 using this method are organized below by electron 
transfer reagent. 
 
2.6.3.1. Attempts at Cyclodehydrogenation of Trimer 2 Using Alkali Metals 
The anionic cyclodehydrogenation was attempted on trimer 2 first using either 
lithium, sodium, or potassium metal. Tetrahydrofuran was chosen as the solvent based on 
solvent screening results from cyclodehydrogenating binapthyl to form perylene (see 
chapter 3 for more details). The general procedure for setting up and running this reaction 
involves exposure of the trimer to a small piece of the alkali metal. Since the scale of this 
reaction is small, a very tiny amount of alkali metal was used. Weighing the metal 
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accurately can be very problematic, as when an alkali metal is exposed to air, the surface 
is quickly oxidized, which makes it very difficult to measure an accurate quantity of pure 
reactant. Nevertheless, the reactions were run in THF under the conditions described in 
the section 2.8.15, and in all cases, a large excess metal was used to ensure that there was 
active alkali metal available for reaction. 
Scheme 2.14. Raw alkali metal cyclodehydrogenation attempts 
 
None of the attempted reactions using raw alkali metals resulted in successful 
cyclodehydrogenations. Often times no starting material was recovered. This is indicative 
of either decomposition or polymerization. In either case, we suspect that the raw alkali 
metal is too reactive to be directly exposed to the trimer. We then sought to find a 
derivative reagent that could transfer electrons in a more controlled and quantifiable way.  
 
 
 
2a 
1 
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2.6.3.2. Attempts at Cyclodehydrogenation of Trimer 2 Using Potassium Naphthalenide 
In chapter 3 we explain in detail the process by which we arrived at using 
potassium naphthalenide as an electron transfer reagent. For now, let it suffice to say that 
this alkali/organo salt is well suited as an electron transfer reagent for 
cyclodehydrogenations. It is easily quantifiable, as it is made as a solution  of known 
concentration in THF. Traditionally this reagent is used for promoting ketyl-alkene and 
ketyl-alkyne radical cyclizations, coupling of ketones and thiocarbonyls, and removal of 
mesylate, tosylate and benzyl protecting groups.17 In these reactions, each molecule of 
potassium naphthalenide acts as a single electron transfer reagent. We could therefore use 
this quantifiable reagent to carry out our reductive attempts to cyclodehydrogenate trimer 
2b.  
Over the course of exploring conditions for cyclodehydrogenating both curved 
and planar systems, it was discovered that using a microwave reactor gave increased 
cyclodehydrogenation yields in a drastically shorter period of time. We then thought that 
our best chances of cyclodehydrogenating trimer 2b would involve the use of 
microwaves as the primary source of energy for the reaction (Scheme 2.15). 
 
 
 
                                                            
17 Paquette, L. A. Encyclopedia of Regents for Organic Synthesis. 1995, 4602. 
39 
 
Scheme 2.15. Trimer 2 cyclodehydrogenation attempt using K+nap- 
 
 Direct exposure mass analysis in positive ion mode showed mostly starting 
material (m/z = 816) and what looked like hydrogenated starting material (m/z range: 
817-825). A very small amount of a peak at m/z = 804 was seen (this is the mass of the 
target end-cap), but this peak is too close to the baseline to be considered anything other 
than noise (see associated experimental section). Perhaps if this reaction were run on a 
larger scale, there may be enough material to validate the formation of the target end-cap.  
 
2.6.3.3. Attempts at Cyclodehydrogenation of Trimer 2b Using Potassium Corannulenide 
It has previously been established that corannulene is an excellent electron 
transfer reagent for reducing C60.18 In fact, it is very difficult to reduce C60 directly with 
the alkali metal, owing primarily to the insolubility of both reaction partners. However, 
the anion can easily be formed by transferring the electron from a reduced corannulene 
                                                            
18 Shabtai, E.; Weitz, A.; Haddon, R. C.; Hoffman, R. E.; Rabinovitz, M.; Khong, A.; Cross, R. J.; 
Saunders, M.; Cheng, P.; Scott, L. T. J. Am. Chem. Soc. 1998, 120, 6389-6393 
2a 
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molecule. In this way, corannulene acts as an electron shuttle between the alkali metal 
and C60.  
To explore this route, we first needed to prepare the potassium corannulenide salt. 
The reduction of corannulene using potassium had been previously reported in the Ph.D. 
dissertation of Shabtai.19 Because corannulene is capable of forming a tetranion upon 
reduction, a polyanion will be formed if the same method is used to reduce corannulene 
as is used to reduce naphthalene (an excess of alkali metal is used with a known amount 
of PAH). The stepwise reduction of corannulene can easily be visually monitored by 
noting changes in color. The neutral molecule is colorless, but the monoanion is emerald 
green. Further reduction garnishes a purple dianion and trianion, followed by a brick red 
tetraanion. Based on optimal electron equivalents used in potassium naphthalenide 
cyclodehydrogenations, we decided to use 5 equivalents per bond of the brick red 
potassium corannulenide tetraanion (30 equivalents of potassium corannulenide overall, 
or 120 equivalents of electrons in excess of neutral corannulene). 
 
 
 
 
 
                                                            
19 Shabtai, E. Ph.D. Dissertation, The Hebrew University of Jerusalem, Israel, 1999. 
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Scheme 2.16. Attempts to access the target end-cap using potassium corannulenide 
 
When we attempted to run this reaction on our trimer, mass analysis showed no 
cyclodehydrogenation products. It is, however, very difficult to obtain a decent mass 
spectrum of even trimer 2b. In order to obtain a high resolution mass analysis of trimer 
2b, the matrix DCTB (2-[(2E)-3-(4-tert-Butylphenyl)-2-methylprop-2-
enylidene]malononitrile) needed to be employed (this is typically reserved for inorganic 
molecules). Even then, the corresponding trimer signal was very weak. The same can be 
said for using DEP mass analysis on trimer 2 in both positive and negative modes. Our 
fear is that even if cyclodehydrogenations are occurring, we have yet to discover a mass 
analysis method capable of effectively analyzing our products. 
 
2.7. Future Plans 
There are a few paths that should be investigated if this work is to be continued. 
First, it would be wonderful to be able to access larger quantities of trimer 2 for use in 
various cyclodehydrogenation reactions. One route that should be explored further is 
2 
1 
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using the easily accessible dimer ketone 12 to carry out a step-wise aldol condensation 
with the monomer ketone 3, followed by tautomerization, cyclization and dehydration to 
afford trimer 2. The possibility of being able to synthesize larger quantities of trimer 2 
opens the door to pyrolytic methods of cyclodehydrogenation. Currently, the small scale 
in which we access trimer 2 prohibits us from truly having a fighting chance at producing 
and isolating the target end-cap using pyrolytic methods. 
If one were able to access the trimer on a larger scale and sought to use pyrolysis 
as a method of cyclodehydrogenation, previous work done by Aaron Amick might be 
very useful. In his graduate work, Dr. Amick showed that a stream of hexanes flowing 
through the pyrolysis apparatus can act as an external radical source.20 This has been 
shown to greatly increase pyrolysis yields. Since there are no radical sources built into 
trimer 2, using an external radical source may be necessary to achieve conversion to the 
desired end-cap in a reasonable yield (greater than 1-2%).  
With regards to future attempts at anionic cyclodehydrogenation of trimer 2, one 
might want to try using the potassium corannulenide monoanion as opposed to the 
polyanion. As has been shown in Rabinovitz’s dimerization of indenocorannulene (see 
chapter 3, section 3.14), further reduction may, in fact, be reversing the desired carbon-
carbon bond forming step. If a method for accessing a quantifiable amount of the 
potassium corannulene monoanion were developed, then hopefully the reversible feature 
of this reaction could be controlled (if it is in fact even occurring with trimer 2). 
                                                            
20 Ph.D. dissertation of Dr. Aaron Amick, Boston College Department of Chemistry, 2008. 
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 In the meantime, a sample of trimer 2 has been sent to the lab of Colin Nuckolls at 
Columbia University. Some of his recent work has involved creating curved PAH 
molecules by adhering the corresponding planar PAH to a transition metal surface and 
heating it.21 (Scheme 2.17) 
Scheme 2.17. Nuckolls approach to curved PAHs 
 
 
 
This approach may prove useful in converting trimer 2 to the desired end-cap. 
With the end-cap adhered to the transition metal surface, it will be set up nicely for a 
carbon vapor deposition style growth sequence.22 In this way, we may be able to access 
the desired [6,6] single walled carbon nanotube directly from trimer 2. 
 
                                                            
21 Rim, K. T.; Siaj, M.; Xiao, S.; Myers, M.; Carpentier, V. D.; Liu, L.; Su, C.; Steigerwald, M. L.; 
Hybertsen, M. S.; McBreen, P. H.; Flynn, G. W.; Nuckolls, C. Angew. Chem. Int. Ed. 2007, 46, 7891 –
7895. 
22 Ivanov, V.; Fonseca, A.; Nagy, J. B.; Lucas, A.; Lambin, P.; Bernaerts, D.; et al. Carbon 1995, 33, 1727-
1738. 
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2.8. Experimental Section 
General Experimental: 
All commercially obtained chemicals and solvents were used without further 
purification unless otherwise specified. Anhydrous tetrahydrofuran and dichloromethane 
were obtained from a Glass Contour solvent purification system. Proton NMR shifts are 
reported downfield of TMS (referenced to 0.00 ppm) in units of parts per million unless 
otherwise stated. Carbon NMR shifts are reported downfield of TMS (referenced to 
chloroform at 77.23 ppm) in units of parts per million unless otherwise stated. 
Preparative thin layer chromatography was carried out on 20 × 20 cm Analtech silica GF 
or Alumina GF uniplates. Silica gel column chromatography was carried out on Sorbent 
Technologies standard grade silica gel (porosity=60 Å, particle size=32-63 µm). 
Chromatographic methods using basic alumina were carried out on Sigma-Aldrich 
Brockman I standard grade, activated basic alumina oxide (58 Å, 150 mesh). Infrared 
(IR) spectroscopy was carried out on a Nicolet Avatar 360 FT-IR spectrophotometer. 
High resolution mass spectroscopy (HRMS) was performed by the mass spectroscopy 
laboratory at Boston College. Melting points are uncorrected. 
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2.8.1. 1-(chloromethyl)-3,5-dimethylbenzene 
 
Mesitylene (505 g, 4.20 moles), sulfuryl chloride (103 mL, 1.27 moles), and a 
spatula tip (about 800 mg, 3 mmol) of benzoyl peroxide were combined in a 1 L round 
bottom flask equipped with a reflux condenser. The solution was heated at 112 °C until 
evolution of HCl gas (whitish/yellow in color) ceased (about 2.5 h). The crude reaction 
mixture was then fractionally distilled under vacuum (~10 torr) giving a primary fraction 
of mesitylene (~35 °C), followed by a secondary fraction of colorless 1-(chloromethyl)-
3,5-dimethylbenzene (~60 °C), giving the desire product in 37% yield (73.05 g, 0.472 
mol). 
 
1H NMR (400 MHz, CDCl3) δ: 7.00 (s, 2H), 6.95 (s, 1H), 4.53 (s, 2H), 2.32 (s, 6H). 
The observed 1H-NMR spectrum was found to match that which had been previously 
reported in the literature.1 
Note 1: For original radical initiated sulfuryl chloride benzylic chlorination reference, see 
footnote 2.2 
                                                            
1 Boudjouk, P.; Ohrbom, W. H.; Woel, J. B. Synth. Commun. 1986, 16, 401-410. 
2 Kharasch, M. S.; Brown, H. C. J. Am. Chem. Soc. 1939, 61, 2142. 
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Note 2: 2-chloro-1,3,5-trimethylbenzene is a common and difficult to separate side 
product of this reaction (see 1H-NMR). 
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2.8.2. 1,3,6,8-tetramethylnaphthalene 
 
To a flame dried 1 L round bottom flask equipped with an addition funnel and 
reflux condenser was added 52.3 g of Li(acac) (0.492 mol), 15.3 g (0.629 mol) of oven 
dried magnesium granules, and enough anhydrous THF to form a slurry (about 100 mL). 
This was allowed to stir at room temperature for five minutes in order to expose a fresh 
surface on the magnesium metal. The starting material (76.0 g, 0.492 mol) was then 
added drop-wise from an addition funnel until the reaction grew hot. At this point the 
starting material was continually added to the flask to maintain a steady reflux (over the 
course of about an hour). Additional THF was added as needed to keep the slurry 
continuously stirring. Once all the starting material had been added, an additional 100 mL 
of anhydrous THF was added, and the reaction mixture was refluxed in an oil bath for an 
additional hour. The reaction mixture was then cooled to 0 °C and quenched with 200 mL 
of saturated ammonium chloride solution. Once all the remaining magnesium had 
dissolved, the reaction mixture was extracted with diethyl ether (4 x 150 mL), dried with 
magnesium sulfate, vacuum filtered, and concentrated to a yellow oil under reduced 
pressure.  
The yellow oil was combined with 50 mL of 48% HBr and 60 mL of glacial 
acetic acid and refluxed for 2.5 h. The reaction mixture was then extracted with hexanes 
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(4 x 200 mL). The organic layers were combined and dried with magnesium sulfate, 
vacuum filtered, and concentrated to an oil under reduced pressure. Silica gel column 
chromatography was then carried out on the reaction mixture using hexanes as the eluent. 
Fractions containing the product were concentrated to dryness under reduced pressure, 
giving 1,3,6,8-tetramethylnaphthalene as a white solid in 27 % yield (24.86 g, 0.135 
mol). 
 
mp: 76-78 °C. 1H NMR (400 MHz, CDCl3) δ: 7.34 (s, 2H), 7.02 (s, 2H), 2.87 (s, 6H), 
2.40 (s, 6H). 
The observed 1H-NMR spectrum was found to match that which had been previously 
reported in the literature.1  
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2.8.3. 3,5,6,8-tetramethylacenaphthylene-1,2-dione 
 
In a flame dried 3 L round bottom flask equipped with a 300 mL capacity 
dropping funnel and a stir bar was added 1.540 L of 1,2-dichloroethane and 87.9 g (0.428 
mol) of aluminum chloride under a nitrogen atmosphere. This mixture was stirred in an 
ice bath for 15 min. Once the reaction mixture was cool, 24.0 g (0.189 mol) of oxalyl 
chloride was added via syringe. A solution containing 29.0 g (0.157 mol) of the starting 
material in 241 mL 1,2-dichloroethane was loaded into the addition funnel. Being careful 
to keep the aluminum chloride/oxalyl chloride solution on ice, the solution of starting 
material was slowly added dropwise to the 3 L round bottom flask over the course of 1 h. 
Upon completion of the addition, the reaction was placed on fresh ice and allowed to stir 
overnight under nitrogen. 
The following day, several handfuls of ice were carefully added to the reaction 
mixture. The 1,2-dichloroethane layer was collected (using dichloromethane as needed to 
break up any undissolved solids). The remaining aqueous layer was then extracted with 
dichloromethane (2 × 100 mL). The organic layers were then combined, washed first 
with saturated sodium bicarbonate solution (2 × 200 mL), followed by distilled water (2 × 
200 mL). The organic layer was then dried with magnesium sulfate, filtered, and 
concentrated to dryness under reduced pressure. The crude product was then 
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recrystallized from toluene to give 3,5,6,8-tetramethylacenaphthylene-1,2-dione in a 47% 
yield (17.5 g, 73.5 mmol) as a yellow solid. 
 
1H NMR (400 MHz, CDCl3) δ: 7.21 (s, 2H), 2.96 (s, 6H), 2.78 (s, 6H). 
 The observed 1H-NMR spectrum was found to match that which had been previously 
reported in the literature.3  
 
 
 
 
 
 
 
 
 
 
                                                            
3 Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1999, 121, 7800-7803. 
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2.8.4. 1,3,4,6,7,10-hexamethylfluoranthene 
 
The starting material (10.0 g, 42.0 mmol), 3-pentanone (13.4 g, 156 mmol), 
potassium hydroxide (4.46 g, 79.6 mmol) in 53 mL of methanol, and an additional 89 mL 
of methanol were combined in a 250 mL Erlenmeyer flask containing a stir bar. The flask 
was capped with a rubber septum, and the solution was allowed to stir at room 
temperature for 48 h. The reaction was then quenched with 800 mL of 10% HCl. The 
solid that precipitated was vacuum filtered to dryness and combined in a 1 L round 
bottom flask with 351 mL of acetic anhydride and 71.1 mL of bicyclo[2.2.1]hepta-2,5-
diene. This mixture was then refluxed for 36 h.  
After 36 h of reflux, the reaction mixture was brought to room temperature and 
quenched by careful addition of 500 mL of distilled water. The resulting mixture was 
extracted with diethyl ether (4 × 100 mL). The organic factions were combined, dried 
with magnesium sulfate, filtered, and concentrated to dryness. The product was then 
purified from this crude mixture by silica gel chromatography using 1:9 
dichloromethane:cyclohexane as the eluent and concentrated to dryness under reduced 
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pressure to give 1,3,4,6,7,10-hexamethylfluoranthene as a light yellow solid in 69% yield 
(8.30 g, 29.0 mmol). 
1H NMR (400 MHz, CDCl3) δ: 7.12 (s, 2H), 7.09 (s, 2H), 2.86 (s, 6H), 2.75 (s, 6H), 2.71 
(s, 6H). 
The observed 1H-NMR spectrum was found to match that which had been previously 
reported in the literature.3  
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2.8.5. 1,3,4,6,7,10-hexakis(dibromomethyl)fluoranthene 
 
Exhaustive benzylic bromination of 1,3,4,6,7,10-hexamethylfluoranthene was 
carried out by placing 8.26 g (28.9 mmol) of the starting material, 133.07 g (747.6 mmol) 
of N-bromosuccinimide, 1.0 g (4.1 mmol) of benzoyl peroxide, and 1.15 L of carbon 
tetrachloride in a 2 L round bottom flask equipped with a reflux condenser. The reaction 
mixture was refluxed for three days while being exposed to a 250 Watt incandescent 
floodlight.  The reaction mixture was then allowed to cool to room temperature and 
washed with a solution of 10% sodium thiosulfate (3 x 200 mL). The organic fraction 
was then concentrated to dryness under reduced pressure (while recovering the carbon 
tetrachloride for future use). The resulting solid was then redissolved first in 30 mL of 
methylene chloride followed by 30 mL of hexanes. This solution was then passed through 
a large plug of silica using a 1:1 mixture of methylene chloride:hexanes as the eluent. The 
fraction containing product was then concentrated to dryness under reduced pressure, 
giving 1,3,4,6,7,10-hexakis(dibromomethyl)fluoranthene in 98% yield (35.1 g, 28.4 
mmol) as a yellow solid. 
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1H NMR (400 MHz, CDCl3) δ: 9.19 (s, 2H), 8.21 (s, 2H), 7.58 (s, 2H), 7.05 (s, 2H), 6.98 
(s, 2H). 
The observed 1H-NMR spectrum was found to match that which had been previously 
reported in the literature.3  
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2.8.6. Acecorannulylene 
 
In a nitrogen flushed, flame dried 2 L round bottom flask, set up as shown in 
figure 3 in chapter 2, was added 600 mL of anhydrous THF. To this was then added 20.8 
mL of a 3.5 M sodium bis(2-methoxyethoxy)aluminum hydride solution (73 mmol), 
followed by very careful and slow addition of 5.2 mL (47 mmol) of titanium 
tetrachloride. The resulting black solution was refluxed for 50 min. If the solution had a 
milky brown color, the mixture was wet and the reaction was abandoned. If not, then a 
solution of 8.00 g (6.48 mmol) of the starting material in 400 mL of THF was slowly 
added drop-wise through the high dilution setup over 50 minutes to the black titanium 
solution while maintaining reflux. After the addition was complete, the reaction mixture 
was allowed to reflux for an additional 5 min. The crude mixture was then quickly cooled 
in an ice bath followed by careful quenching with 300 mL of saturated sodium 
bicarbonate. Once gas has ceased evolving, the quenched mixture was placed in the 
freezer overnight.  
The next day, the liquid THF containing the crude product was decanted, leaving 
behind the undesired frozen aqueous layer. The decanted THF solution was then dried 
with magnesium sulfate, vacuum filtered, and concentrated onto activated basic alumina 
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(~1.0 g) under reduced pressure. The loaded product was then flushed through a short 
plug of basic alumina using a mixture of 1:1 methylene chloride:hexanes as the eluent. 
The product was then concentrated to dryness under reduced pressure at room 
temperature to give 1.17 g (4.27 mmol) of pure acecorannulylene as a bright orange solid 
in 65.9% yield. 
It should be noted that the product of this reaction is highly susceptible to decomposition 
and any subsequent reactions should be carried out as quickly as possible following 
purification. In addition, all steps involving concentration of the product should be done 
at a temperature no higher than 23 °C. 
 
mp: upon heating the product begins decomposing to a brown solid and is black upon 
reaching 200 °C. It remains a solid up to 300 °C. 1H NMR (400 MHz, CDCl3) δ: 7.50 (d, 
J = 8.8 Hz, 2H), 7.44 (d, J = 8.8 Hz, 2H), 7.37 (s, 2H), 7.31 (s, 2H), 6.49 (s, 2H). 
The observed 1H-NMR spectra was found to match that which had been previously 
reported in the literature.4  
 
 
 
                                                            
4 Abdourazak, A. H.; Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1993, 115, 3010-3011. 
 62 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 H
 N
M
R
 (4
00
 M
H
z,
 C
D
C
l 3)
 o
f a
ce
co
ra
nn
ul
yl
en
e 
 63 
 
2.8.7. Acecorannulen-1-one by Wacker Oxidation of Acecorannulylene 
 
In a 100 mL round bottom flask, a solution was prepared containing 36.2 mg of 
Pd(OAc)2 (0.161 mmol), 343 mg of benzoquinone (3.23 mmol), 30 mL of a 0.15 M 
solution of HClO4 in 7:1 MeCN/H2O, and 17.4 mL of THF. To this was added all at once 
(at room temperature) a second solution containing 884 mg of starting material (3.23 
mmol) dissolved in 5.0 mL of THF. Every five to ten minutes another 5 mol % of 
Pd(OAc)2 was added, and the reaction was monitored by NMR to track the formation of 
product. Once all starting material had been consumed (usually after addition of a total of 
35 mol % catalyst), the reaction was quenched with 50 mL of 1M NaOH. It should be 
noted that if too much catalyst is initially added to the reaction mixture, the product is 
lost to decomposition. The quenched mixture was then extracted with copious amounts of 
methylene chloride (5 × 200 mL). The organic layer was dried with magnesium sulfate, 
vacuum filtered, and concentrated to dryness under reduced pressure. The crude product 
was then purified by silica gel chromatography using 1:1 CH2Cl2:hexanes as eluent, 
giving 304 mg (33% yield) of acecorannulene-1-one (1.05 mmol) as a light yellow solid. 
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mp: 160 °C – 205 °C decomposes to a brown solid, 205 °C – 210 °C melts to a black 
liquid. IR (KBr): ν(C=O) 1715 cm-1. 1H NMR (400 MHz, CDCl3) δ: 8.08 (s, 1H), 7.84 (d, 
J=8.8 Hz, 1H), 7.78 (d, J=8.4 Hz, 1H), 7.76 (d, J=8.8 Hz, 1H), 7.73 (d, J=8.8 Hz, 1H), 
7.72 (d, J=8.8 Hz, 1H), 7.70 (d, J=8.8 Hz, 1H), 7.40 (br s, 1H), 4.34 (dd, J=20.8, 1.2 Hz, 
1H), 3.34 (dd, J=20.8, 0.9 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 199.18, 149.09, 
141.63, 139.54, 138.95, 138.65, 138.22, 137.62, 137.18, 137.01, 135.08, 132.07, 130.61, 
129.03, 128.57, 128.31, 127.95, 127.74, 126.98, 125.22, 122.54, 44.06. HRMS ESI 
(m/z): [M]+ calc for C22H10O, 290.0732, found 290.0729 
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2.8.8. Attempted Synthesis of Triacecorannuleno[1,2-a;1',2'-c;1'',2''-e]benzene 
Using p-TsOH·H2O and Benzoic Acid in o-Dichlorobenzene 
O
p -TsOH·H2O
propionic acid
o-DCB
 
 The starting material (24.0 mg, 0.083 mmol), 49.9 mg of p-TsOH·H2O (0.29 
mmol), 35.4 mg of benzoic acid (0.29 mmol) and 15.6 mL of o-dichlorobenzene were 
combined in a flame dried 50 mL round bottom flask equipped with a reflux condenser. 
The reaction mixture was refluxed for 6 h. Upon completion, the reaction mixture was 
quenched with 20 mL of saturated sodium bicarbonate solution. The organic layer was 
removed using a separatory funnel, dried over magnesium sulfate and filtered. The crude 
reaction mixture was then concentrated to dryness under reduced pressure. The crude 
product mixture was then run through a plug of silica using carbon disulfide as the eluent. 
The product mixture was analyzed by LDI mass analysis and showed only starting 
material, dimeric ketone and uncyclized trimeric ketone. No desired product was 
observed. 
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2.8.9. Synthesis of Triacecorannuleno[1,2-a;1',2'-c;1'',2''-e]benzene Using TCE 
O
BBr3, TCE
 
 The starting material (85.7 mg, 0.296 mmol) was dissolved in 42.8 mL of 1,1,2,2-
tetrachloroethane in a flame dried 250 mL round bottom flask equipped with a reflux 
condenser and under a nitrogen atmosphere. The solution was brought to reflux. A 
solution containing 22.9 mL of BBr3 in 5 mL of 1,1,2,2-tetrachloroethane was then added 
via syringe over a 5 min period to the solution of refluxing starting material. Upon 
completion of the addition, the reaction mixture was allowed to reflux for an additional 
60 sec. The flask was then removed from the heat and, while still hot, carefully quenched 
by addition of 50 mL of saturated sodium bicarbonate solution. The organic layer was 
removed using a separatory funnel, dried over magnesium sulfate and filtered. The crude 
reaction mixture was then concentrated to dryness under reduced pressure. The crude 
product mixture was then run through a plug of silica using carbon disulfide as the eluent. 
The semi-purified product came off the plug as an orange solution. This solution was 
then concentrated down to ~0.5 mL and loaded onto a silica gel preparatory plate and run 
using 55:45 ethyl acetate:hexanes as the eluent. Once the solvent neared the top of the 
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plate, the plate was removed from the TLC chamber and allowed to dry for five minutes 
in the open air. The same plate was then rerun in the same solvent. After the second run, 
the plate was allowed to dry for 10 min outside of the TLC chamber and was then run a 
final time using carbon disulfide as the eluent, but only running the solvent front half way 
up the silica. The band containing the orange purified product (Rf = ~0.75) was then 
scraped from the plate and extracted from the silica using carbon disulfide. The product 
was then concentrated to dryness under reduced pressure to give 5.0 mg (0.006 mmol) of 
the purified product in 6% yield as a redish/orange solid. 
 
mp: does not melt up to 350 °C. 1H NMR (300 MHz,5 1:4 CDCl3:CS2) δ: 8.74 (s, 2H), 
8.59 (s, 2H), 8.26 (s, 2H), 7.77 (d, J = 9.0, 2H), 7.75 (d, J = 8.7, 2H), 7.73 (d, J = 8.7, 
2H), 7.62 (d, J = 8.7, 2H), 7.59 (d, J = 8.7, 2H), 7.58 (d, J = 8.7, 2H), 7.56 (s, 2H), 7.51 
(s, 4H). 13C NMR (125 MHz, 1:4 CDCl3:CS2): δ 145.03, 139.89, 139.87, 139.83, 139.77, 
139.45, 139.18, 138.48, 138.31, 137.96, 137.85, 137.76, 136.86, 136.68, 136.63, 136.39, 
135.14, 130.45, 130.33, 128.50-128.10 (small cluster of peaks), 127.65-126.9 (large 
cluster of peaks), 125.07, 125.01, 122.68-122.13 (small cluster of peaks). HRMS 
MALDI (matrix:DCTB) (m/z): [M]+ calc for C66H24, 816.1878, found 816.1889. 
 
 
                                                            
5 If the NMR experiment is run on a 400 or 500 MHz instrument, the doublets overlap, making it difficult 
to distinguish the signals. For this reason, 1H NMR characterization of this molecule required the use of a 
300 MHz instrument. 
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2.8.10. Synthesis of Triacecorannuleno[1,2-a;1',2'-c;1'',2''-e]benzene Using o-
Dichlorobenzene 
O
BBr3, o-DCB
 
The starting material (110 mg, 0.379 mmol) was dissolved in 16.5 mL of o-
dichlorobenzene and added to a flame dried, nitrogen flushed, 50 mL addition funnel, 
affixed to a 250 mL round bottom flask containing 0.36 mL of BBr3 in 55 mL o-
dichlorobenzene. The acid solution was brought to reflux, and the addition of the solution 
containing starting material was carried out over 70 min. After the addition was 
complete, the reaction mixture was returned to room temperature and quenched with 30 
mL of saturated sodium bicarbonate solution. The aqueous layer was then separated from 
the crude reaction mixture and concentrated to dryness under reduced pressure. The crude 
mixture was then reconstituted in carbon disulfide and flushed through a silica plug using 
carbon disulfide as the eluent. The clean product mixture was then concentrated to 
dryness under reduced pressure and submitted for LDI mass analysis, showing trimer and 
poly-brominated trimer products in 8.6% yield. 
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2.8.11. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using MoCl5 in CH2Cl2 
 
In a flame dried 10 mL round bottom flask equipped with a reflux condenser and 
under nitrogen atmosphere was added 2.6 mg of starting material (0.003 mmol), 10.4 mg 
of MoCl5 (0.038 mmol, 12 eqiuv) and 3.0 mL of anhydrous dichloromethane. The 
reaction mixture was refluxed for 30 min. The reaction was then brought back to room 
temperature and quenched by addition of 2 mL of water. The organic layer was removed, 
and the remaining aqueous layer (including any remaining sediment) was extracted with 
CS2 (3 × 5 mL). All organic fractions were combined with the original dichloromethane 
fraction and concentrated to dryness under reduced pressure. LDI mass analysis (positive 
and negative modes) of the crude samples showed neither starting material nor 
cyclodehydrogenation products. 
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2.8.12. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using MoCl5 in CS2 
 
 
In a flame dried 5 mL round bottom flask under nitrogen atmosphere was added 
1.3 mg of starting material (0.002 mmol), 5.2 mg of MoCl5 (0.019 mmol, 12 equiv) and 
262 µL of anhydrous carbon disulfide. The reaction mixture was stirred for 10 min. The 
reaction was then quenched by addition of 1 mL of water. The crude reaction mixture 
was then diluted with 10 mL of carbon disulfide, dried with magnesium sulfate, filtered, 
and concentrated to a solid under reduced pressure. LDI mass analysis (positive mode) of 
the crude samples showed only starting material and chlorinated starting material. No 
cyclodehydrogenations were observed. 
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2.8.13. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using AlCl3/Cu(OTf)2 
 
In a flame dried, nitrogen flushed 8 mL microwave vessel was added 2.5 mg of 
starting material (0.003 mmol), 2.45 mg of AlCl3 (0.018 mmol, 6 equiv), 6.65 mg of 
Cu(OTf)2 (0.018 mmol, 6 equiv) and 2 mL of CS2. The pressure vessel was sealed, and 
the reaction mixture was heated at 60 °C for 30 min under standard operating parameters. 
Upon completion, the reaction was quenched with 2 mL of water; the resulting mixture 
was extracted with CS2 (3 × 5 mL) and concentrated to dryness under reduced pressure. 
Crude LDI mass analysis (positive mode) showed recovery of very clean starting 
material. Upon close examination a small amount of cyclodehydrogenation may have 
occurred, giving masses in the range of 811-815 m/z (see mass spectrum). 
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2.8.14. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using FeCl3 
 
In a flame dried, nitrogen flushed 10 mL pressure vessel was added 4.2 mg of 
starting material (0.005 mmol), 15.0 mg of FeCl3 (0.093 mmol, 18 equiv), and 3 mL of a 
1:1 mixture of CS2 and dichloromethane (anhydrous). The pressure vessel was sealed, 
and the reaction mixture was heated at 60 °C overnight. The reaction was then quenched 
with 2 mL of water; the resulting mixture was extracted with CS2 (3 × 5 mL), and 
concentrated to dryness under reduced pressure. LDI mass analysis (positive mode) 
showed only starting material. No cyclodehydrogenation was observed.  
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2.8.15. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using Lithium, Sodium, and Potassium Metals 
 
Using Lithium: 
The starting material (5.0 mg, 0.006 mmol), 2 mL of anhydrous THF, a spatula tip 
of sand, and a pea sized amount of lithium metal (large excess) were combined in a flame 
dried 10 mL round bottom flask equipped with a reflux condenser and under argon 
atmosphere. The reaction mixture was refluxed overnight under argon. The following 
morning the reaction was brought back to room temperature. The THF solution was 
decanted from the remaining lithium metal and quenched by exposure to air. LDI mass 
analysis of the crude product showed no peaks. The starting material had either 
polymerized or degraded. 
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Using Sodium: 
The starting material (1.0 mg, 0.001 mmol), 5 mL of anhydrous THF, and a pea 
sized amount of sodium metal (large excess) were combined in a flame dried 10 mL 
round bottom flask equipped with a reflux condenser and under nitrogen atmosphere. The 
reaction was refluxed overnight under nitrogen and periodically monitored by removing a 
small sample for LDI mass analysis. The following morning the reaction was brought 
back to room temperature. The THF solution was decanted from the remaining sodium 
metal and quenched by exposure to air. LDI analysis of all fractions examine showed 
either starting material or loss of starting material. 
 
Using Potassium: 
The starting material (5.0 mg, 0.006 mmol), 10 mL of anhydrous THF, and a pea 
sized amount of potassium metal (large excess) were combined in a flame dried 25 mL 
round bottom flask equipped with a reflux condenser and under nitrogen atmosphere. The 
reaction was refluxed for 2 h. The reaction mixture was then brought back to room 
temperature, allowing the potassium metal to resolidify. The THF solution was decanted 
from the remaining potassium metal and quenched by exposure to air. LDI analysis of the 
crude product showed no peaks. The starting material had either polymerized or 
degraded. 
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2.8.16. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using Microwave Assisted Potassium Naphthalenide Cyclodehydrogenation 
 
 The starting material (1.7 mg, 0.002 mmol) dissolved in 2 mL of anhydrous THF 
was combined with 250 µL of a freshly prepared ca 0.2 M (ca 0.05 mmol) potassium 
naphthalenide solution in THF (see experimental section of chapter 3 for details on 
preparing this reagent) in an oven dried 8 mL microwave reaction vessel fitted with a stir 
bar and septum. The reaction was run in the microwave reactor using standard operating 
parameters6 for 20 min at 90 °C. Upon completion, the reaction was quenched by 
exposure to air. The crude mixture was then flushed through a short silica plug using 
hexanes as the eluent to remove any residual naphthalene. The plug was then flushed 
with carbon disulfide to recover the crude product mixture. DEP mass analysis in 
negative mode showed mostly starting material and hydrogenation products (from 816 to 
                                                            
6 Standard operating parameters involve the reactor continuously irradiating the sample with a given 
amount of microwave energy while air is burst across the reaction vessel at intervals so that a constant 
temperature is maintained. The amount of microwave energy used is determined by the reactors 
programming and generally falls in the range of 1-10 Watts for all the microwave reactions described in 
this thesis. 
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825 m/z). A small amount of desired product (m/z 804) may have been formed, but the 
signal is too weak to be certain (see mass spectrum). 
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2.8.17. Attempted Closure of Trimer 2 to the C3V [6,6] Nanotube End-cap 1 (C66H12) 
Using Tetrapotassium Corannulenide 
 
In an oven dried 7 mL microwave vessel that was flushed with nitrogen and 
contained a stir bar was combined 3.0 mg (0.0037 mmol) of starting material and 5 mL 
(ca 0.1 mmol) of a solution of tetrapotassium corannulenide in anhydrous THF (ca 0.022 
M). The vessel was placed in the microwave reactor, and the reaction was run for 20 min 
using standard operating parameters6 at 90 °C. After the reaction was complete, oxygen 
was bubbled though the reaction mixture for 20 minutes to quench the anions. The crude 
mixture was then concentrated to dryness under reduced pressure and run up an alumina 
preparatory plate using cyclohexanes as the eluent. The baseline was then removed and 
subjected to mass analysis using MALDI with DCTB as the matrix. Mass analysis 
showed only starting material. 
 
Note: For detail on the preparation of potassium corannulenide, see section 3.4.2.
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2.8.18. Attempted Synthesis of Acecorannulylene via 1,2,4,5,8,9-
hexabromoacecorannulene 
 
In a 250 mL round bottom flask equipped with a stir-bar and reflux condenser, 16 
mL of water, 40 mL of dioxane, and 1.00 g (0.81 mmol) of starting material were 
combined. This solution was brought to reflux, followed by addition of 0.675 g of NaOH. 
The reaction was allowed to reflux for 2 h and was subsequently quenched with 1M HCl 
(until the pH was no longer basic). Since the product was expected to be highly insoluble, 
the precipitate (250 mg) was filtered off and subjected to a debromination reaction. 
MALDI analysis of the hexabromo product revealed no pertinent masses.  
 The precipitate (250 mg) was then combined with potassium iodide (1.69 g), zinc 
dust (3.75 g), and 63 mL of 95% ethanol in a 250 mL round bottom flask equipped with a 
stir-bar and reflux condenser. To this reaction mixture, 3.75 mL of a 5% HCl solution 
was added. This reaction was allowed to reflux overnight. The following day, the reaction 
mixture was concentrated to dryness under reduced pressure and reconstituted in 200 mL 
of a 1:1 mixture of dichloromethane and 1M HCl and vacuum filtered to remove any 
remaining zinc dust. The dichloromethane layer was then separated, dried with 
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magnesium sulfate, vacuum filtered, and evaporated to dryness under reduced pressure. 
No product was observed by NMR. 
This procedure was based on a previously reported synthesis of corannulene from 
1,6,7,10-tetrakis(dibromomethyl)fluoranthene.7 
 
 
 
 
 
 
 
 
 
 
 
 
                                                            
7 Sygula, A.; Rabideau, P. W.  J. Am. Chem. Soc. 2000, 122, 6323-6324. 
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2.8.19. Acecorannulene-1-ol 
 
In a 10 mL round bottom flask was added 50 mg of starting material (0.182 
mmol), 291 mg of Hg(OAc)2 ( 0.912 mmol), 0.26 mL of water and 0.26 mL of THF. The 
flask was sealed with a rubber septum, and the reaction mixture allowed to stir for 24 h at 
room temperature. A 3M solution of NaOH (4 mL) was then added to the reaction 
mixture, followed immediately by addition of 4 mL of a solution containing 75.6 mg of 
in 3M NaOH. This was allowed to stir for 30 minutes at room temperature. The reaction 
mixture was then extracted with dichloromethane (3 × 30 mL). The dichloromethane 
fractions were then pooled, dried with magnesium sulfate, filtered, and concentrated to 
dryness under reduced pressure. The product mixture was then purified by silica gel 
column chromatography using 1:3 ethyl acetate:hexanes as the eluent, giving 11.0 mg 
(0.038 mmol) of crude product in 22% yield. The product (which was difficult to 
completely purify) was suspected to be a combination of both expected diastereomers. 
Subsequent PCC oxidation yielded the corresponding ketone, which confirms that the 
expected alcohols were in fact formed. 
Note: See the chapter 2 results and discussion section for crude NMR spectra of the 
diastereomers. 
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2.8.20. Acecorannulen-1-one from Acecorannulene-1-ol 
 
The starting material (13.0 mg, 0.044 mmol), 14.4 mg of PCC (0.067 mmol) and 
0.46 mL of dichloromethane were combined in a 5 mL round bottom flask and allowed to 
react at room temperature overnight. The reaction mixture was then flushed through a 
plug of celite with dichloromethane and evaporated to dryness under reduced pressure. 
The crude product was then purified using silica gel prep plate employing 3:7 ethyl 
acetate:hexanes as the eluent to give 5.2 mg (0.018 mmol) of the ketone product in 40% 
yield. 
The product obtained had the same properties as the ketone previously derived from a 
Pd(OAc)2 oxidation of acecorannulene. (see section 2.8.7) 
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2.8.21. Epoxyacecorannulylene 
 
In a 10 mL round bottom flask was combined 75 mg (0.273 mmol) of starting 
material, 120 mg of mCPBA (0.410 mmol) and 4 mL of dichloromethane. The flask was 
sealed with a rubber septum, and the mixture allowed to react for 3 days at room 
temperature. The reaction mixture was then washed with saturated sodium bicarbonate 
solution (3 × 10 mL), dried with magnesium sulfate, filtered, and concentrated to dryness 
under reduced pressure. The crude product was then purified by silica gel prep plate 
using 3:7 ethyl acetate:hexanes as the eluent to give 6.5 mg (0.022 mmol) of the epoxide 
in 8% yield. 
 
mp: 140-142 °C. 1H NMR (400 MHz, CDCl3) δ: 7.65 (s, 4H), 7.64 (s, 2H), 7.57 (s, 2H), 
4.38 (s, 2H). 13C NMR (101 MHz, CDCl3) δ: 144.09, 142.78, 141.19, 139.58, 137.71, 
135.83, 130.92, 127.90, 127.32, 127.17, 125.45, 54.99. HRMS (DART) (m/z): [M]+ calc 
for C22H11O, 291.0810, found 291.0800. 
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2.8.22. Attempted Synthesis of Triacecorannuleno[1,2-a;1',2'-c;1'',2''-e]benzene 
from Epoxyacecorannulylene 
 
The starting material (6.5 mg, 0.02 mmol), BBr3 (0.22 mL, 0.22 mmol) and 8 mL 
of anhydrous 1,2-dichlorobenzene were combined in an oven dried pressure vessel 
containing a stir-bar. The vessel was sealed and brought to 175 °C and allowed to stir for 
5 h. The pressure vessel was then returned to room temperature, carefully opened, and 
quenched with 10 mL of 10% HCl. The organic layer was then separated from the 
aqueous layer. The remaining aqueous layer was then washed with dichloromethane (2 × 
10 mL). The organic fractions were pooled, dried with magnesium sulfate, filtered, and 
concentrated to dryness under reduced pressure. The resulting material contained no 
desired product by either LDI mass analysis (in positive mode) or NMR. 
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2.8.23. 2-(1(2H)-acecorannulenylidene)-acecorannulen-1-one 
 
  
The starting material (24.0 mg, 0.029 mmol) was combined with 15.7 mL of 
carbon disulfide in a flame dried 100 mL round bottom flask which had been flushed 
with nitrogen and equipped with a reflux condenser and stir-bar. This solution was then 
brought to reflux. An aliquot of 3.6 mL (1 equiv) of a solution of 65.0 µL of BBr3 in 30 
mL of carbon disulfide was then slowly added via syringe to the refluxing solution over a 
period of 10 min. The solution turned a dark green and was then cooled to room 
temperature. The reaction was quenched with 20 mL of saturated sodium bicarbonate. 
The organic layer was isolated, and the aqueous layer was then washed with 
dichloromethane (2 × 20 mL). The organic fractions were pooled, dried with magnesium 
sulfate, filtered, and concentrated to dryness under reduced pressure. The crude product 
was then flushed through a plug of silica using 1:1 ethyl acetate:hexanes as the eluent. 
The purified product was then concentrated under reduced pressure to give 22.3 mg (0.04 
mmol) of the product in 96% yield (predominantly one stereoisomer with small amounts 
of either bowl inversion isomer or alternate cis/trans isomer). 
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1H NMR (400 MHz, CDCl3) δ: 9.17 (s, 1H), 8.93 (s, 1H), 8.11 (s, 1H), 7.90-7.70 (m, 
12H), 4.89 (d, J = 26, 1H), 4.49 (d, J = 26, 1H). 
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2.8.24. Attempted Synthesis of Triacecorannuleno[1,2-a;1',2'-c;1'',2''-e]benzene 
from 2-(1(2H)-acecorannulenylidene)-acecorannulen-1-one and Acecorannulen-1-
one 
 
The dimeric starting material (22.3 mg, 0.04 mmol, 1 equiv) was brought to reflux 
in 16 mL of 1,1,2,2-tetrachloroethane in a flame dried 250 mL round bottom flask 
equipped with a stir-bar and reflux condenser and under nitrogen atmosphere. One 
solution containing 11.5 mg of monomer starting material (0.04 mmol, 1 equiv) in 16 mL 
of 1,1,2,2-tetrachloroethane and one containing 37.4 µL of BBr3 (10 equiv) in 30 mL of 
1,1,2,2-tetrachloroethane were loaded into separate syringes. The monomer and acid 
solutions were simultaneously added via syringe to the refluxing solution of dimer over a 
15 min period. After the addition was complete, the reaction was returned to room 
temperature and quenched by the addition of 50 mL of a saturated sodium bicarbonate 
solution. The organic layer was isolated, and the aqueous layer was washed with 
dichloromethane (2 × 30 mL). The organic fractions were then pooled, dried with 
 98 
 
magnesium sulfate, filtered, and concentrated to dryness under reduced pressure. Crude 
NMR analysis of the product mixture revealed mostly dimer, with only trace amounts of 
trimer. 
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Chapter 3 
Expanding the Utility of the Anionic 
Cyclodehydrogenation Reaction and Development of a 
Novel Microwave Assisted Variant 
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3.1. Introduction 
3.1.1. Precedent for the Anionic Cyclodehydrogenation Reaction 
The anionic variant of a cyclodehydrogenation has been known for some time 
now.1 Historically it has been used to “zip up” rylenes and form various perylene cores 
from the corresponding 1,1'-binaphthyl based starting materials (Scheme 1).2 The 
reaction yields either a radical anion or a dianion of the cyclodehydrogenation product. 
When the reaction is complete, exposure to air or oxygen gas quenches the product back 
to its neutral state.  
Despite the early discovery of the anionic cyclodehydrogenation, its use in 
synthetic organic chemistry has been quite limited. Many of the reported reactions 
involve using a raw alkali metal as the reducing agent. These are very harsh and crude 
reagents, leaving little room for functional group tolerance or even preservation of the 
starting material itself. Given the utility of the cyclodehydrogenation transformation, 
there is great potential for use in PAH chemistry and beyond if only there were a way to 
tame this reaction. 
 
 
 
                                                            
1 Solodovnikov, S. P.; Zaks,  Y. B.; Ioffe, S. T.; Kabachnik, M. I. Isv. Akud. Nauk. SSSR Srr. Khrm. 1968, 
442. 
2 Bohnen, A.; Koch, K.-H.; Lüttke, W.; Müllen, K. Angew. Chem. Int. Ed. Engl. 1990, 29, 525-527. 
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Scheme 3.1. The anionic cyclodehydrogenation of perylene 
 
 
 
 
In the following chapter, the anionic cyclodehydrogenation reaction is explored 
using various molecules and conditions. We begin by examining some earlier work 
exploiting the anionic cyclodehydrogenation. From there, we will examine recent 
advancements that push forward the boundaries of this reaction to put it well within the 
realm of synthetic utility. 
 
3.1.2. Further Precedent for the Anionic Cyclodehydrogenation Reaction 
 In the course of studying various polycyclic aromatic hydrocarbon anions and 
their properties, Rabinovitz et al. noted an interesting cyclization occurring in certain 
poly-aryl systems.3 In these reactions C8K is employed as a reducing agent. This reagent 
is produced by melting potassium metal in the presence of graphite. The potassium atoms 
intercalate into the sheets of graphite, giving a reducing agent that is relatively stable in a 
                                                            
3 Rabinovitz, M.; Tamarkin, D., Synthetic Metals, 1988, 23, 487-491. 
Potassium
vacuum
1,2-DME
r.t., 3 d
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silvery powder form (not dissimilar to graphite itself).4 This reagent can then be used for 
various reactions, one of which is a cyclodehydrogenation. (Scheme 3.2) 
Scheme 3.2. Cyclodehydrogenations using C8K3 
 
 
 
 
 
 
In the reactions depicted in scheme 3.2, a new ring is added to the aromatic 
system by way of cyclodehydrogenation. It is our hope that we can use a similar reaction 
to cyclodehydrogenate trimer 2 to the desired nanotube end-cap 1. 
 
3.1.3. Using the Anionic Cyclodehydrogenation Reaction to Access a Nanotube End-cap 
Now that we have become familiar with the transformations that can be brought 
about using the anionic cyclodehydrogenation, we will take a closer look at how this 
reaction can aid in accessing a nanotube end-cap.  
                                                            
4 Described through personal correspondence with Dr. Rabinovitz. 
O
O
N
N
N
N
O
O
C8K
C8K
80%
75%
103 
 
Many graduate students, post-docs, and undergraduates in the Scott lab have 
undertaken research that has in some way or another involved forming new fully 
unsaturated five and six membered rings. Figure 3.1 shows several examples of current 
targets in the Scott group where this chemistry could be applied. The dashed red lines 
highlight the bonds that could theoretically be formed using an anionic 
cyclodehydrogenation.  
There are many advantages to using a solution phase anionic 
cyclodehydrogenation reaction to access the targets shown in figure 3.1. Many of the 
end-cap routes currently being explored in the Scott group typically involve the use of 
flash vacuum pyrolysis. The extreme temperatures provided by this method are thought 
to help in accessing the necessary high energy, radical based, transition states required by 
these transformation. Conceivably, similar transformations might be achieved using 
much milder conditions by way of the anionic cyclodehydrogenation reaction. 
Additionally, there would no longer be a need to incorporate radical generators into end-
cap precursors (these are typically needed for higher yielding pyrolysis reactions5). 
Syntheses leading to end-cap precursors could thus be significantly streamlined.   
 
 
 
                                                            
5  See chapter 2, Scheme 9. 
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Figure 3.1. Plausible anionic cyclodehydrogenation targets 
Based on our findings, it is hypothesized that the anionic cyclodehydrogenation 
reaction should be capable of providing access to highly curved PAHs, a job that is 
typically reserved for pyrolytic conditions. In addition to providing a new route to many 
curved PAHs, the anionic cyclodehydrogenation reaction is capable of providing new, 
more efficient routes to both known and novel planar PAHs.  
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3.1.4. Inspiration from Rabinovitz et al. 
We were initially drawn to exploring the anionic cyclodehydrogenation reaction 
as a possible method for cyclizing trimer 2 to the target nanotube end-cap 1 based on 
observations made by Rabinovitz et al. In studying anions of various curved PAH 
molecules, Rabinovitz noted an interesting dimerization occurring upon reducing 
indenocorannulene (15) with potassium metal. Two monoanionic indenocorannulene 
molecules come together to form a dimer dianion (Scheme 3.3).6 Upon further reduction, 
the dimer breaks apart into monomer dianions. A third round of reduction gives a dimer 
hexaanion, followed by a fourth giving monomer tetraanion. 
Scheme 3.3. The dimerization of indenocorannulene 
 
                                                            
6 Aprahamian, I.; Hoffman, R. E.; Sheradsky, T.; Preda, D. V.; Bancu, M.; Scott, L. T.; Rabinovitz, M. 
Angew. Chem. Int. Ed. 2002, 41, 1712-1715. 
15 
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We noted that the new bond being formed in the dimerization of indeno 
corannulene mapped directly onto the formation of the three interior bonds which need to 
be formed in transforming trimer 2 into the target end-cap (Scheme 3.4). If the 
indenocorannulene dimerization was occurring under anionic conditions, and other 
cyclodehydrogenations were known to occur under the same conditions, it was likely that 
using an electron transfer reagent could provide a viable route for forming these three 
interior bonds. One possible obstacle may be the reversibility of this reaction upon further 
reduction (as is seen in indenocorannulene). We hope that the reaction will be similar to 
other cyclodehydrogenations of binaphthyl systems in that dehydrogenation will follow 
the formation of the new aryl-aryl bond. 
Scheme 3.4. Indenocorannulene dimerization mapped onto trimer 2 
 
Aside from the three carbon-carbon bonds formed in the reaction described above, 
there are three additional carbon-carbon bonds which would also need to be formed in 
order to arrive at the target end-cap. Luckily, these three carbon-carbon bonds fall within 
a [5]helicene moiety in the partially closed trimeric intermediate (Scheme 3.5).  
2 
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Scheme 3.5. [5]helicene cyclodehydrogenation mapped onto end-cap intermediate 15 
 
Cyclodehydrogenating [5]helicene has also been demonstrated by Rabinovitz 
through his study of PAH anions.7 In reducing [5]helicene with alkali metal, Rabinovitz 
noted cyclization of the helicene and subsequent dehydrogenation (See chapter 2, Scheme 
2.13). This is precisely the transformation we are hoping to achieve in our final 
cyclodehydrogenation step. 
Based on these findings, we were hopeful that under anionic conditions, all six 
carbon-carbon bonds could be formed via cyclodehydrogenation. Before attempting these 
transformations on our small and precious quantities of trimer, however, we decided to 
explore using various solvents and alkali metals for carrying out cyclodehydrogenations 
on some simpler systems, and then take what we learned on towards accessing our target 
end-cap 1. 
 
                                                            
7 Ayalon, A.; Rabinovitz, M. Tetrahedron Lett. 1992, 33, 2395–2398. 
1 
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3.2. Results and Discussion 
3.2.1. Initial Investigations into the Optimization of the Anionic Cyclodehydrogenation 
 As a model cyclodehydrogenation starting material we decided to turn to 1,1'-
binaphthyl. In its racemic form, this molecule is commercially available as well as 
inexpensive. While this transformation has been shown to work on similar systems,2 we 
would be working with small quantities of trimer 2 and needed to be sure that this 
reaction would be feasible on a milligram scale.  
One of the challenges that we initially faced was measuring such a small quantity 
of fresh, unoxidized alkali metal. While only the surface tends to oxidize in air, on a very 
small piece of metal, surface oxidation could significantly impact the true quantity of 
active metal (high surface area to volume ratio). To circumvent this problem, an excess of 
metal was used (generally as a pea sized amount for starting material quantities ranging 
from 10 to 50 mg). If the reaction were heated in a solvent that had a higher boiling point 
than the melting point of the metal, the metal would melt, exposing a fresh, highly 
reactive liquid metal surface (such reaction systems tended to show the best results). 
Figure 3.2 below summarizes our result from an initial screen of various solvents 
and metals. Our best results came from using tetrahydrofuran as the solvent and 
potassium as the alkali metal. One reason may be that the boiling point of tetrahydrofuran 
is one or two degrees above the melting point of potassium metal, exposing a liquid metal 
surface. These conditions were capable of converting 1,1'-binaphthyl to perylene in 73% 
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yield. Because of its ability to react with nitrogen, and that we were seeking a reaction 
that would be easy to use, lithium was not examined. 
 
Alkali Metal Solvent Temperature Yield² 
Potassium diglyme 80 °C 0 
  diphenyl ether 80 °C 0 
  tetrahydrofuran 80 °C¹ 73 
  toluene 80 °C¹ ~10 
Sodium TMEDA 120 °C 0% 
  tetrahydrofuran 66 °C ~10% 
  toluene 110 °C 0 
  diglyme 162 °C ~10%³ 
 ¹These reactions were run in a pressure vessel. ²Unless 
otherwise mentioned, remaining mass was starting material. 
³No starting material remained (decomposition suspected). 
Figure 3.2. Initial screening of solvents using potassium and sodium metals to 
cyclodehydrogenate 1,1'-binaphthyl 
With these positive results in hand, we then turned to trying these conditions on 
trimer 2. Initial attempts at cyclodehydrogenating trimer 2 using raw potassium metal and 
tetrahydrofuran failed (results described in detail in chapter 2). As mentioned previously, 
this failure is most likely attributed to the inability to accurately quantify the metal being 
used in the reaction. We needed an electron transfer reagent that could circumvent this 
problem. For this we turned to potassium naphthalenide. 
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3.2.2. Using Potassium Naphthalenide as an Electron Transfer Reagent 
 One major advantage of using alkali metal naphthalenide as opposed to the raw 
alkali metal is that once naphthalene is reduced, the salt it forms with the metal cation is 
soluble in tetrahydrofuran. In this way, a solution of known concentration can be made 
and easily quantified for use in a naphthyl mediated variant of the anionic 
cyclodehydrogenation (Scheme 3.6).  
Scheme 3.6. Metal naphthalenide variant of the anionic cyclodehydrogenation 
 
 
 
Of the three alkali metals examined as candidates for the use in the naphthalenide 
salt, potassium was best suited to carry out the desired cyclodehydrogenation reaction. 
Lithium proved problematic as it is sensitive to nitrogen, making it less desireable to 
work with (aside from it generally being less reactive). While sodium was very capable 
of forming a naphthalenide salt that could carry out the required electron transfer reaction 
to initiate the cyclodehydrogenation, forming the salt is a slow process, as the metal 
remains solid in refluxing tetrahydrofuran; therefore, the concentration of active reagent 
is more variable. Potassium, as previously mentioned, melts to a liquid in refluxing THF. 
This greatly speeds the rate at which potassium naphthalenide solutions can effectively be 
created (a solution of naphthalene can be fully reduced in 20 to 30 minutes). For these 
M+nap-, THF
ref lux, 24 hours
16 17 
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reasons, potassium naphthalenide was chosen as the reagent to be used in exploring the 
synthetic utility of the anionic cyclodehydrogenation reaction. We again began exploring 
this reaction by examining the cyclodehydrogenation of 1,1'-binaphthyl using potassium 
naphthalenide. 
 
3.2.3. Exploring Potassium Naphthalenide Using Bench-top Heating 
 As previously mentioned, using potassium metal in THF to cyclodehydrogenate 
1,1'-binaphthyl gave perylene in a 73% yield. When we used potassium naphthalenide to 
carry out the transformation, we were able to access perylene in a 93% yield (Scheme 
3.7)! 
Scheme 3.7. Potassium naphthalenide cyclodehydrogenation of 1,1'-binaphthyl 
 
 
 
To be sure we were actually seeing the cyclodehydrogenation associated with 
1,1'-binaphthyl as opposed to dimerization and cyclization of the potassium 
naphthalenide, we ran a control experiment in which the reagent alone was refluxed in 
THF overnight. A detectable though negligibly small amount of perylene was formed 
(<0.01%). Once we turned to cyclodehydrogenating different systems, it would become 
16 17 
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quite clear that the product we were observing must in fact be a product of 
cyclodehydrogenation of the starting material. 
 We also soon discovered that under similar conditions, we could convert 
[5]helicene to benzo[ghi]perylene in 65% yield (Scheme 3.8). 
Scheme 3.8. Potassium naphthalenide cyclodehydrogenation of [5]helicene 
 
This seemed very promising. We were now curious to see what other systems we 
could extend this reaction to. Could this reaction work on a smaller π system where 
electron transfer may prove more problematic? To answer this question we examined o-
terphenyl. In the course of this reaction, an electron would need to be transferred to an 
individual benzene ring (as opposed to a naphthyl or helicene system as seen previously). 
After running the reaction for 24 hours, we managed to obtain triphenylene in 6% yield 
(Scheme 3.9). The remainder of the product mixture was unperturbed starting material. 
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Scheme 3.9. Potassium naphthalenide cyclodehydrogenation of o-terphenyl  
 
 While this yield is indeed low, it was gratifying to know that the transformation 
was possible on smaller π systems. Our next goal would be to try to develop a method 
that was better suited to push along sluggish systems such as this one. For this, we turned 
to microwave energy. 
 
3.2.4. Exploring Potassium Naphthalenide in a Microwave Reactor 
 Molecules that have large dipole moments tend to be better microwave absorbers. 
Conversely, molecules with small dipole moments tend to be weak microwave absorbers. 
While this is only a general trend, it can be seen easily by looking at the heating of 
various solvents in a microwave reactor (Table 3.1). Very non-polar solvents such as 
hexane or toluene have very low complex permittivity values (this is proportional to 
microwave absorption), whereas solvents that are more polar, such as water and a variety 
of alcohols, have higher complex permittivity values. 
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Table 3.1. Ranking of solvents by microwave absorption ability8 
 
Microwave energy also tends to be strongly absorbed by electron rich molecules. 
This can be seen in the home when one accidentally puts a fork in a kitchen microwave. 
Sparking and smoking are the result of an excessive amount of energy being absorbed by 
the metal. It was therefore logical to think that a reagent such as potassium naphthalenide 
should be a good acceptor of microwave energy. This can also be said for any electron 
rich intermediates that may arise throughout the course of the reaction. Additionally, 
                                                            
8 Obtained from CEM with microwave reactor documentation 
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running the reaction in a relatively polar solvent such as tetrahydrofuran can only aid in 
the uptake of microwave energy by the reaction. 
 We began by carrying out the cyclodehydrogenation of 1,1'-binaphthyl in a 
microwave reactor using potassium naphthalenide. The results were remarkable. While 
traditional heating required overnight reaction times and 40 molar equivalents of active 
potassium naphthalenide to give a 93% yield, using a microwave reactor we were able to 
achieve a 99% yield of perylene using only 1 molar equivalent of active potassium 
naphthalenide in just 20 minutes! Similar astonishing results were observed for the 
cyclodehydrogenation of [5]helicene, and a marked improvement was noted in the case 
of o-terphenyl (Scheme 3.10). 
Scheme 3.10. Initial microwave assisted anionic cyclodehydrogenation results 
 
 
 
 
 
 
 
K+
THF, microwave,
90 oC, 20 min
K+
THF, microwave,
90 oC, 20 min
99%
1 molar eq
K+
THF, microwave,
90 oC, 20 min
98%
18%
10 molar eq
10 molar eq
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As we continued to push on o-terphenyl with longer reaction times we saw a 
dramatic increase in yield. By running the reaction for three hours at 90 °C in the 
microwave we were able to obtain triphenylene in almost quantitative yield (Scheme 
3.11)!  
Scheme 3.11. Improved anionic cyclodehydrogenation of o-terphenyl 
 
This was very encouraging as it seemed that if the reaction was returning only 
starting material and product, simply running it longer would increase the yield. It should 
also be mentioned that the reactions run in the microwave reactor are significantly 
cleaner than those run on the bench-top. Unless otherwise mentioned, the reactions 
always return only product and unconverted starting material. We were now more eager 
than ever to explore more systems to which this microwave assisted reaction could be 
applied. 
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3.2.5. Exploring Microwave Assisted Anionic Cyclodehydrogenations in Other Planar 
Systems 
 Two more interesting systems that we examined were 9,10-diphenylphenanthrene 
(25) and 9-(biphenyl-2-yl)phenanthrene (22). The cyclodehydrogenation of these 
molecules provided interesting insight into some of the challenges associated with this 
reaction. As shown in Scheme 3.12, 9-(biphenyl-2-yl)phenanthrene is capable of 
cyclodehydrogenating to dibenzo[g,p]chrysene in 44% yield while in the case of 9,10-
diphenylphenanthrene, only starting material is recovered. First, it should be noted that 
upon quenching the 9-(biphenyl-2-yl)phenanthrene reaction by exposure to air, a new 
intermediate product was formed by protonating the anion of dibenzo[g,p]chrysene. The 
anion of the product picked up two protons presumably from water in the air. This 
intermediate was easily converted back to dibenzo[g,p]chrysene by DDQ oxidation. 
Scheme 3.12. Anionic cyclodehydrogenation of 9-(biphenyl-2-yl)phenanthrene and 9,10-
diphenylphenanthrene 
 
22 23 24 
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 The formation of this dihydro intermediate forced us to reconsider our reaction 
quenching procedure. When this observation was first made, we went back and carried 
out the quench on the previous discussed reactions by bubbling oxygen through the crude 
reaction mixtures. While this did not seem to be a problem with the molecules previously 
examined, we needed to eliminate this as a potential problem in future anionic 
cyclodehydrogenation reactions. 
 Our hypothesis as to why 9-(biphenyl-2-yl)phenanthrene does 
cyclodehydrogenate and 9,10-diphenylphenanthrene does not, centers around the concept 
that in each of these molecules, the transferred electron will predominantly be held in the 
LUMO of the phenanthryl moiety as opposed to the phenyl moieties. If held in the 
phenanthryl moiety of 9-(biphenyl-2-yl)phenanthrene, the biphenyl moiety can easily 
access the electron in the phenanthryl moiety to carry out the bond forming step. 
However, in the case of 9,10-diphenylphenanthrene, the new bond needs to be formed 
between the two phenyl substituents, and having the extra electron lie predominantly in 
the LUMO of the phenanthryl moiety will not help the reaction proceed.  This 
explanation correlates nicely with the experimental observations. 
 These data suggest that it is preferable for a moiety that is taking part in the 
coupling reaction to have a lower lying LUMO than a moiety that does not directly 
participate in the reaction. 
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3.2.6. Accessing Five Membered Rings Using Microwave Assisted Anionic 
Cyclodehydrogenation 
 Up until this point we have exclusively examined cyclizations to form six 
membered rings. In fact, it is theoretically possible to form a five membered ring when 
cyclodehydrogenating 1,1'-binapthyl (cyclizing an alpha carbon on one naphthyl moiety 
to a beta carbon on the other naphthyl moiety), but it is not observed. But is forming a 
five membered ring possible using this methodology? In the case of 1,1'-binaphthyl, the 
formation of the six membered ring may simply be dominating a competition with the 
five membered ring formation. To determine whether five membered ring formation is 
possible we needed to examine a system where the only cyclization possibility was to 
form a five membered ring. For this we turned to 1,2'-binaphthyl. 
 The synthesis of 1,2'-binaphthyl (27) consisted of a palladium-mediated coupling 
between 2-bromonaphthalene and 1-naphthyl boronic acid. This afforded the desired 
product in 86% yield. The cyclization was then carried out giving benzo[k]fluoranthene 
in 6% yield (Scheme 3.13). Note that the alternative cyclodehydrogenation product is not 
formed. The details regarding the product preference observed in this reaction are 
discussed in greater detail in chapter 4. 
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Scheme 3.13. Synthesis and anionic cyclodehydrogenation of 1,2'-binaphthyl 
 While the yield is low, we suspect that based on our finding in the cyclization of 
o-terphenyl, longer reaction times should give higher yields of this product. Nevertheless, 
it was impressive to see that such a strain-inducing transformation could be achieved 
using this methodology. 
 We continued along this path to see if we could force a five membered ring to 
form in other systems. To this end we examined 1-phenylnaphthalene, 1-
phenylanthracene, and 9-phenylanthracene. The results of these reactions are shown in 
Scheme 3.14. 
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Scheme 3.14. Microwave assisted anionic cyclodehydrogenation of phenyl substituted 
naphthalene and anthracenes 
 
 Our results for the cyclization of the two anthracenes showed complete recovery 
of starting material. When we initially ran the cyclodehydrogenation reaction on 1-
phenylnaphthalene, we observed a very tiny amount of fluoranthene beginning to form in 
the baseline of the proton NMR spectrum (<5%). Since it seemed like a small amount of 
fluoranthene was forming, we decided to run the reaction for a longer period of time. 
After 3 hours, the yield of the reaction had reached 20%. We suspect that with even 
31 
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longer reaction times (~15 hours) we should be able to see complete conversion of the 1-
phenylnaphthalene to fluoranthene, as the remainder of the product mixture seems to be 
clean starting material. 
 The failure of the anthracene cyclodehydrogenations relative to that of 1-phenyl 
naphthalene may be due to the increased energy of the transition states for these 
molecules. For further explanation of this observation based on B3LYP/6-31 G* 
calculations, please refer to chapter 4. 
 The final molecule in which we attempt to force the formation of a five membered 
ring is in the cyclodehydrogenation attempt of [4]helicene (Scheme 3.15). Unlike the 1-
phenylnaphthyl and anthracene systems in which the phenyl group is singly bonded to the 
PAH moiety, [4]helicene has a single fused PAH structure. This will make trying to bend 
the molecule into the required conformation to carry out a five membered ring 
cyclodehydrogenation very energetically demanding. Nonetheless, the reaction was 
attempted, but failed, presumably for the reasons stated above. 
Scheme 3.15. Microwave assisted anionic cyclodehydrogenation of [4]helicene 
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3.2.7. Expanding the Substrate Scope of the Anionic Cyclodehydrogenation 
 Knowing that it was possible to form five membered rings fueled interest in 
expanding the scope of our studies to other molecules in which a five vs. six membered 
ring cyclization competition might exist. We began by looking at the cyclization of 9-
(naphthalen-1-yl)phenanthrene (obtained from a similar synthesis as shown for 1,2'-
binaphthyl (see experimental section for details)).  
 Cyclodehydrogenation of 9-(naphthalen-1-yl)phenanthrene could potentially from 
three cyclization products (one six membered ring product and two different five 
membered ring products). What we observe is the formation of just the six membered 
ring in 99% yield (Scheme 3.16). 
Scheme 3.16. Microwave assisted anionic cyclodehydrogenation of 9-(naphthalen-1-
yl)phenanthrene (36) 
0% 0%99%
K+
THF, microwave,
90 oC, 20 min
10 molar eq
 
 Again, we attribute the observed results to a competition between the formation of 
a lower energy (both thermodynamically and kinetically) 6 membered ring product and 
higher energy five membered ring products. 
37 38 39 36 
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 Another case in which the cyclization of a five membered ring product is in direct 
competition with a six membered ring product can be found in the cyclodehydrogenation 
of 9,9'-biphenanthrene. In this example, only one 5 membered ring product is possible 
(Scheme 3.17). Yet again, we observe complete conversion to the six membered ring 
product dibenzo[fg,ij]pentaphene. 
Scheme 3.17. Microwave assisted anionic cyclodehydrogenation of 9,9'-biphenanthrene 
(40) 
 
 This methodology seemed to be working wonderfully on planar systems, but if we 
were going to extend this methodology to curved systems, the reaction would need to 
tolerate increased bond angles across peri regions in the coupling process. Typically in 
planar system this angle is around 120°, but in corannulene, this angle is actually 130°.9 
To see if the reaction could tolerate increase bond angles in these positions we looked to 
cyclodehydrogenating 3-(naphthalen-1-yl)fluoranthene (again, obtained from a similar 
synthesis as shown for 1,2'-binaphthyl (see experimental section for details)).  
                                                            
9 Petrukhina, M. A.; Andreini, K. W.; Mack, J.; Scott, L. T. J. Org. Chem. 2005, 70, 5713-5716. 
40 41 42 
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 The crystal structure of 3-(naphthalen-1-yl)fluoranthene reveals a peri position 
bond angle of 127.7° (Figure 3.3). This increased angle should act as a suitable model for 
examining the effect of increased peri position bond angle before moving on to curved 
systems. 
 
Figure 3.3. Crystal Structure of 3-(naphthalen-1-yl)fluoranthene (43) depicting 
fluoranthyl peri position bond angle 
Microwave assisted anionic cyclodehydrogenation of 3-(naphthalen-1-
yl)fluoranthene gave only indeno[1,2,3-cd]perylene (six membered ring 
cyclodehydrogenation) in 44% yield even though two different five membered ring 
cyclization products were possible (Scheme 3.18). Again, based on previous work with 
the o-terphenyl system, it is suspected that this reaction may give higher yields if longer 
reaction times are tried. 
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Scheme 3.18. Microwave assisted anionic cyclodehydrogenation of 3-(naphthalen-1-
yl)fluoranthene 
 
 Early on in the anionic cyclodehydrogenation project, we were curious to see if 
we could perform two simultaneous cyclodehydrogenations on the same molecule. A 
total of six cyclodehydrogenations will be required in transforming trimer 2 to the target 
end-cap. To answer this question we attempted to cyclodehydrogenate 9,9'-bianthracene. 
At the time when we ran this reaction, we had yet to discover the advantages of using a 
microwave reactor. However, if the reaction were possible, we should still be able to see 
at least a small amount of product formation. Unfortunately, no cyclodehydrogenations 
were observed (Scheme 3.19). 
Scheme 3.19. Anionic cyclodehydrogenation of 9,9'-bianthracene (47) 
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 The failure of this reaction is probably due to the high energy transition state 
required in the course of the reaction. All four hydrogens on the carbons to be cyclized 
would need to position themselves in an incredibly sterically demanding fashion in order 
for the first cyclodehydrogenation to occur. We suspect that the second 
cyclodehydrogenation should be similar to that observed for [5]helicene, but because we 
cannot access the helicene intermediate in the double cyclodehydrogenation of  9,9'-
bianthracene, there is no hope of accessing the fully closed product. 
 Before moving on to curved systems, we wanted to see if we could use the 
microwave assisted anionic cyclodehydrogenation to build curvature into a molecule 
from a planar starting material. Since decacyclene is commercially available and its 
cyclodehydrogenation product has been accessed by other means and fully 
characterized,10 we thought this might be a good system to work with. Unfortunately, 
microwave assisted anionic cyclodehydrogenation of decacyclene failed, and only 
starting material was recovered (Scheme 3.20). 
Scheme 3.20. Microwave assisted anionic cyclodehydrogenation of decacyclene (50) to 
form circumtrindene (51) 
 
                                                            
10 Ansems, R. B. M.; Scott, L. T. J. Am. Chem. Soc. 2000, 122, 2719-2724. 
50 51 
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It may be worth investigating longer reaction times to see if any 
cyclodehydrogenations occur. Even though we are asking to build in curvature (which 
microwave energy may aid in accessing), we are only closing six membered rings. With 
further optimization we are hopeful that this transformation would be possible. 
 
3.2.8. Extending the Anionic Cyclodehydrogenation to Curved Systems 
 While building in curvature from a planar system would be a wonderful feat for 
this reaction, in the case of trimer 2, we actually want to cyclodehydrogenate a molecule 
that already has curvature built into it. We therefore wanted to examine systems that are 
corannulene based in order to examine whether curved molecules can tolerate the 
conditions of the anionic cyclodehydrogenation reaction (as raw alkali metals alone have 
been shown to decompose trimer 2 (see chapter 2)). For this we turned to 1,1'-
naphthocorannulene and 1,9'-phenanthrocorannulene. We were very excited to see that 
both systems were capable of undergoing microwave assisted anionic 
cyclodehydrogenation in very reasonable yields (Scheme 3.21). 
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Scheme 3.21. Microwave assisted anionic cyclodehydrogenation of 1,1'-
naphthocorannulene (52) and 1,9'-phenanthrocorannulene (55) 
 
 The naphthyl system primarily cyclodehydrogenated to a six membered ring 
(trace amounts of the 5 membered ring are visible in a proton NMR provided in the 
experimental section), while the phenanthryl system cyclodehydrogenated to both a five 
and six membered ring product. In both cases, no cyclodehydrogenations were observed 
involving an ortho cyclization on the planar substituent (all were across a peri region of 
the planar substituent). A detailed discussion of the relative energies of each molecule 
and the associated transition states are further discussed in chapter 4. 
52 53 54 
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The fact that we observe significant cyclodehydrogenation in curved systems 
provides great hope for using this methodology to cyclodehydrogenate trimer 2. Although 
initial attempts at using the anionic cyclodehydrogenation to access the target nanotube 
end-cap have failed, there are still several avenues within this methodology that can be 
explored. Potassium corannulenide can be used as an electron transfer reagent as opposed 
to naphthalene. This has been demonstrated in converting 1,1'-binaphthyl to perylene (see 
Scheme 3.22). 
Scheme 3.22. Using tetrapotassium corannulenide to cyclodehydrogenate 1,1'-binaphthyl 
 
Perhaps if we use only the monoanion of this reagent we can avoid a possible 
over-reduction of trimer 2 (as discussed in chapter 2, cyclodehydrogenation of the trimer 
may be reversible if over-reduced). Longer reaction times can also be explored, as this 
has been shown to greatly increase the yield of these cyclodehydrogenations with few, if 
any, side products ever forming. 
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3.3. Conclusions 
In attempting to find a method for accessing our target nanotube end-cap, we have 
explored in depth a variety of anionic cyclodehydrogenation reactions. With our own 
modifications we have developed a new method for accessing a variety of known and 
novel planar and curved PAHs (Figure 3.4).  
 
Figure 3.4. An overview of molecules accessed by microwave assisted anionic 
cyclodehydrogenation (new bonds formed are highlighted) 
Because this chemistry provides easy and reliable access to a variety of 
molecules, we are certain that this chemistry will find utility in a variety of projects both 
in the Scott lab and beyond. 
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3.4. Experimental Section 
3.4.1. General Experimental for the Preparation of Homogeneous Solutions of Potassium 
Naphthalenide (K+nap-) in THF 
 
In a 100 mL flame dried round bottom flask equipped with a reflux condenser and 
under nitrogen, 2.02 g of naphthalene and 40 mL of anhydrous THF were combined. A 
pea size chunk of freshly cut potassium metal (~1 cm3) was rinsed with hexanes and 
added to the flask. The mixture was then refluxed with stirring for 30 min. The potassium 
metal melts at the reflux temperature of THF. With the resulting solution now dark green 
in color, the reaction mixture was allowed to cool for 10 min, during which time the 
potassium metal re-solidified. The solution of potassium naphthalenide was then 
transferred by syringe to a flame dried vessel containing the starting material under 
nitrogen for the subsequent cyclodehydrogenation reaction, leaving behind the excess re-
solidified potassium metal.  
Note 1: The concentration of active potassium naphthalenide is roughly 40% of the 
overall concentration of naphthalene used in forming the organic salt, assuming that there 
is excess potassium remaining after 30 min of reflux. If not, a larger amount of potassium 
should be used to ensure complete reduction and reproducible results.  
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Note 2: Titration of the potassium naphthalenide solution was carried out by first 
quenching a measured volume of the solution with an equal volume of water. The 
resulting potassium hydroxide solution was then titrated using an HCl solution of known 
concentration and phenolphthalein as the indicator. Each mole of acid titrant used is 
equivalent to one mole of active potassium naphthalenide in the solution being titrated. 
Note 3: The solution is prepared in a concentration appropriate for the reactions in which 
it will be used. 
  
134 
 
3.4.2. General Experimental for the Preparation of Homogeneous Solutions of Potassium 
Corannulenide (K4C20H10, abbreviated 4K+[cor]-4 ) in THF 
 
In a 25 mL flame dried round bottom flask equipped with a reflux condenser and 
under nitrogen, 44.0 mg of corannulene and 8 mL of anhydrous THF were combined. A 
pea size chunk of freshly cut potassium metal (~1 cm3) was rinsed with hexanes and 
added to the flask. The mixture was then refluxed with stirring for 30 min. The potassium 
metal melts at the reflux temperature of THF. The corannulene solution first turned an 
emerald green (monoanion) and then proceeded to turned purple and subsequently red. 
After 30 minutes, it was assumed that the corannulene had been fully reduced to its 
tetraanion. With the resulting solution now dark red in color, the reaction mixture was 
allowed to cool for 10 min, during which time the potassium metal re-solidified. The 
solution of potassium corannulenide was then transferred by syringe to a flame dried 
reaction vessel containing the starting material under nitrogen for the subsequent 
cyclodehydrogenation reaction, leaving behind the excess re-solidified potassium metal. 
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3.4.3. Perylene from Bench-top Anionic Cyclodehydrogenation Using Raw Alkali 
Metals 
 
 For each of the reactions listed in figure 3.2, a pea sized amount of alkali metal 
was combined with the solvent and 1,1'-binaphthyl in a flame dried, nitrogen flushed, 
round bottom flask (in the case of potassium in THF, a pressure vessel was employed). 
For all runs except for potassium metal in diglyme and sodium metal in toluene, 10.0 mg 
(0.039 mmol) of starting material was used. For the exceptions, 5 mg (0.020 mmol) and 9 
mg (0.035 mmol) were used respectively. All reactions were run overnight at the 
temperatures denoted in table 1 (see next page). The reactions were then cooled to room 
temperature and exposed to air. The liquid reaction mixture was removed from the 
remaining alkali metal by careful pipetting. The metal was then washed several times 
with a few mL of hexanes to remove any residual product mixture. The hexanes fractions 
were then combined (at this point the anions had been quenched back to a neutral state by 
exposure to air) and concentrated to dryness under reduced pressure. A 1H NMR of the 
crude product mixture was then obtained. If perylene was noted, then the crude mixture 
was purified by silica gel column chromatography using hexanes as the eluent to give 
perylene in the yields listed in figure 3.2. 
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Note: For trials in which perylene was obtained, the proton NMR matched that of 
commercially available perylene. 
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3.4.4. Perylene from Bench-top Anionic Cyclodehydrogenation Using K+nap- 
 
The starting material (20.0 mg, 0.0787 mmol) and 20 mL (ca. 3.2 mmol of active 
reagent) of a freshly prepared potassium naphthalenide solution (half of a 40 mL solution 
of potassium naphthalenide in THF prepared from 2.00 g (15.7 mmol) of naphthalene as 
described previously) were both added to a flame dried 50 mL round bottom flask 
equipped with a reflux condenser and stir bar. The solution was refluxed for 24 h. The 
mixture (now a deep green color) was then cooled to room temperature and quenched by 
bubbling oxygen gas through the reaction solution for five min.  The reaction mixture 
was then concentrated to dryness under reduced pressure. The majority of the remaining 
naphthalene was removed by sublimation in a rotary evaporator using a hot water bath. 
Any remaining naphthalene was then separated using silica gel chromatography with 
hexanes as the eluent, giving pure perylene (18.4 mg, 0.0732 mmol) in a 93% yield. 
Proton NMR matches that obtained from commercially available material. 
 
1H NMR (400 MHz, CDCl3) δ: 8.19 (d, J = 8.0 Hz, 4H), 7.68 (d, J = 8.0 Hz, 4H), 7.48 (t, 
J = 8.0 Hz, 4H). 
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3.4.5. Potassium Naphthalenide Bench-top Heating Control Experiment 
 
 A 10 mL solution of potassium naphthalenide (1.011g, 7.90 mmol napthalene) in 
tetrahydrofuran was refluxed for 24 h in a flame dried 25 mL round bottom flasked 
equipped with a stir bar and under nitrogen atmosphere. The reaction was then quenched 
by exposure to air. The crude reaction mixture was flushed through a short plug of silica 
using hexanes as the eluent to remove excess naphthalene. The plug was then flushed 
with dichloromethane to give a fraction containing perylene. This fraction was 
concentrated to dryness under reduced pressure to give approximately 0.5 mg of perylene 
(< 0.1% yield). 
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3.4.6. Perylene from K+nap- Microwave Assisted Anionic Cyclodehydrogenation 
 
The starting material (20.0 mg, 0.0787 mmol) and 5.0 mL (ca. 0.079 mmol of 
active reagent) of a freshly prepared potassium naphthalenide solution (prepared from 
50.3 mg of naphthalene in 10 mL of anhydrous THF) were both added (starting material 
first, followed by syringe addition of the potassium naphthalenide solution) to a flame 
dried, nitrogen flushed 7 mL microwave vessel fitted with a pressure septum and a stir 
bar. The reaction was then run in a CEM Discover series microwave with the temperature 
set to 90 °C and the time set to 20 min using standard operating parameters1. At the end 
of this time, the dark green reaction mixture was removed from the microwave and 
quenched by bubbling oxygen through the solution for five min. This mixture was then 
concentrated to dryness under reduced pressure. The majority of the remaining 
naphthalene was removed by sublimation in a rotary evaporator using a hot water bath. 
Any remaining naphthalene was then separated using silica gel chromatography with 
hexanes as the eluent, giving pure perylene (19.6 mg, 0.0778 mmol) in 99% yield. 
                                                            
1 Standard operating parameters involve the reactor continuously irradiating the sample with a given 
amount of microwave energy while air is burst across the reaction vessel at intervals so that a constant 
temperature is maintained. The amount of microwave energy used is determined by the reactors 
programming and generally falls in the range of 1-10 Watts for all the microwave reactions described in 
this thesis. 
141 
 
Note: Only 1.0 molar equiv of active reagent is used in this reaction (corrected for the 
40% activity of the reagent solution). Cyclodehydrogenations of other molecules tend to 
require higher equiv of potassium naphthalenide. In general, 25 equiv is a good place to 
start. 
Proton NMR matches that obtained from commercially available material. 
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3.4.7. Perylene from 4K+[cor]4- Microwave Assisted Anionic Cyclodehydrogenation 
 
 The starting material (12.7 mg, 0.05 mmol) and 5 mL a 0.05M solution of a 
tetrapotassium corannulenide solution (prepared as previously described) were combined 
in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. The 
microwave assisted cyclodehydrogenation was then carried out as described for 
converting 1,1'-binaphthyl to perylene using potassium naphthalenide. Column 
chromatography on silica gel using cyclohexane as the eluent was attempted to separate 
the remaining corannulene from the perylene product, but the compounds ran similarly, 
leaving corannulene in the product mixture. From integration data obtained from the 1H-
NMR spectrum, it was determined that perylene was formed in 98% yield. 
 
Proton NMR matches that obtained from commercially available material. 
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3.4.8. 1,2'-binaphthyl 
 
In a 100 mL pressure vessel was combined 300.0 mg (1.45 mmol) of 2-
bromonaphthalene, 299.0 mg of 1-naphthyl boronic acid (1.74 mmol), 17.5 mL of a 1:10 
solution of H2O:THF, 100.5 mg of Pd(PPh3)4 (0.087 mmol), and 500.9 mg of K2CO3 
(3.625 mmol). The reaction mixture was sealed and heated at 90 °C for 18 hours. After 
the reaction had completed, the mixture was allowed to return to room temperature and 
dried with magnesium sulfate. The crude mixture was then filtered, dried onto silica, and 
chromatographed on a silica column using hexanes as the eluent. The fraction containing 
the product was concentrated to dryness under reduced pressure, giving 315.9 mg of 1,2'-
binaphthyl as a white solid in 86% yield. 
Proton NMR matches that previously reported in the literature.2 
 
 
 
 
                                                            
2 Ibuki, E.; Ozasa, S,; Fujioka, Y.; Mizutani, H. Bull. Chem. Soc. Jpn. 1982, 845-851. 
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3.4.9. Benzo[k]fluoranthene 
 
The starting material (10.0 mg, 0.0397 mmol) and 5 mL (ca. 0.4 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 254.1 mg (1.985 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene, giving 0.56 mg (0.0022 mmol) of 
benzo[k]fluoranthene in 6% yield by 1H-NMR integration, correcting for inseparable 
perylene. 
 
Proton NMR matches that previously reported in the literature.3 
 
 
 
                                                            
3 Rice, J. E.; Cai, Z-W. J. Org. Chem. 1993, 58, 1415–1424. 
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3.4.10. 9-(naphthalen-1-yl)phenanthrene 
 
In a 7 mL CEM microwave reaction vessel was combined 128.6 mg (0.50 mmol) 
of starting material, 94.5 mg of 1-naphthyl boronic acid (0.55 mmol), 5 mL of toluene, 
0.5 mL of water, 4.4 mg of PdCl2 (0.025 mmol), and 172.7 mg of K2CO3 (1.25 mmol). 
The reaction was sealed with an appropriate microwave vessel septum and run in the 
microwave for 15 min at 135 °C.1 After the reaction had completed, the mixture was 
extracted with toluene (2 × 10 mL); the organic fractions were combined, concentrated to 
dryness under reduced pressure and loaded onto a column of silica. The product was 
separated from the crude mixture using hexanes as the eluent giving 44.1 mg of 9-
(naphthalen-1-yl)phenanthrene as a white solid in 29% yield. 
 
Proton NMR matches that previously reported in the literature.4 
 
 
  
                                                            
4 Lipshutz, B. H.; Petersen, T. B.; Abela, A. R. Organic Letters. 2008, 10, 1333-1336. 
B r 
B(OH)2
PdCl2
toluene, H2O,
ethanol, K2CO3
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3.4.11. Benzo[b]perylene 
 
The starting material (10.0 mg, 0.033 mmoles) and 5 mL (ca. 0.3 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 211.2 mg (1.65 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene, giving 9.8 mg (0.032 mmoles) of 
benzo[b]perylene in 99% yield. 
 
 
CHEMCATS registry number: 197-70-6 
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3.4.12. Dibenzo[fg,ij]pentaphene 
 
The starting material (17.7 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene, giving 17.1 mg (0.0486 mmol) of 
dibenzo[fg,ij]pentaphene in 97% yield. 
Note: Starting material obtained from Eric Fort 
Proton NMR matches that previously reported in the literature.5 
 
 
 
 
                                                            
5 Benshafrut, R.; Hoffman, R. E.; Rabinovitz, M.; Müllen, K. J. Org. Chem., 64 (2), 644 -647, 1999. 
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3.4.13. 3-(naphthalen-1-yl)fluoranthene 
Br
B(OH)2
Pd(PPh3)4
H2O, THF
K2CO3
 
 The starting material (300 mg, 1.07 mmol), 367.1 mg (2.14 mmol) of the boronic 
acid, 74.1 mg (0.064 mmol) of Pd(PPh3)4, 442.8 mg (3.204 mmol) K2CO3, and 12.9 mL 
of a 1:10 solution of H2O:THF were combined in 150 mL pressure vessel equipped with 
a stir ba. The reaction was sealed and run overnight at 90 °C. Once complete, the crude 
product mixture was dried with magnesium sulfate, filtered, and concentrated to dryness 
onto silica gel. This crude reaction mixture was then column chromatographed using 
cyclohexane as the solvent. The fraction containing the desired product was then 
concentrated to dryness under reduced pressure giving 94.9 mg (0.289 mmol) of 3-
(naphthalen-1-yl)fluoranthene in a 27% yield as a white solid. Crystals suitable for X-ray 
diffraction were grown from dichloromethane. 
 
 
mp: 182-184 °C. 1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J = 7.0, 1H), 7.98 – 7.94 (m, 
5H), 7.66 (d, J = 7.0, 1H), 7.61 (t, J = 8.4, 1H), 7.60 (d, J = 8.0, 1H), 7.57 (td, J = 8.0, 
1.0, 1H), 7.49 (t, J = 6.8, 1H), 7.47 (d, J = 6.7, 1H), 7.43 (m, 3H), 7.33 (ddd, J = 8.4, 6.8, 
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1.6, 1H). 13C NMR (125 MHz, CDCl3): δ: 139.82, 139.44, 138.80, 137.60, 137.23, 
136.81, 133.75, 133.16, 132.66, 130.09, 129.91, 128.52, 128.31, 128.23, 128.18, 127.81, 
127.75, 126.82, 126.19, 126.12, 126.01, 125.38, 121.75, 121.69, 120.27, 120.01. HRMS 
(DART) (m/z): [M+1]+ calc for C26H17, 329.1330, found 329.1331.  
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X-Ray Crystal Structure of 3-(naphthalen-1-yl)fluoranthene: 
 
 
 
Table 1.  Crystal data and structure refinement for sad. 
Identification code  C26H26 
Empirical formula  C26 H16 
Formula weight  328.39 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 1 21/c 1 
Unit cell dimensions a = 27.359(6) Å a= 90°. 
 b = 6.3431(15) Å b= 96.152(3)°. 
 c = 9.545(2) Å g = 90°. 
Volume 1646.8(7) Å3 
Z 4 
Density (calculated) 1.324 Mg/m3 
Absorption coefficient 0.075 mm-1 
F(000) 688 
Crystal size 0.18 x 0.17 x 0.03 mm3 
Theta range for data collection 2.25 to 28.00°. 
Index ranges -35<=h<=35, -8<=k<=8, -12<=l<=12 
Reflections collected 18687 
Independent reflections 3962 [R(int) = 0.0370] 
Completeness to theta = 28.00° 99.5 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9978 and 0.9866 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3962 / 16 / 283 
Goodness-of-fit on F2 1.030 
159 
 
Final R indices [I>2sigma(I)] R1 = 0.0482, wR2 = 0.1236 
R indices (all data) R1 = 0.0609, wR2 = 0.1337 
Extinction coefficient na 
Largest diff. peak and hole 0.465 and -0.181 e.Å-3 
 
Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for sad.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 x y z U(eq) 
 
C(1) 2864(1) 6511(2) 3439(1) 15(1) 
C(2) 2674(1) 8158(2) 4159(1) 18(1) 
C(3) 2169(1) 8367(2) 4340(1) 19(1) 
C(4) 1851(1) 6864(2) 3768(1) 18(1) 
C(5) 2040(1) 5171(2) 3031(1) 17(1) 
C(6) 2534(1) 4920(2) 2843(1) 16(1) 
C(7) 2650(1) 3109(2) 2067(1) 17(1) 
C(8) 2287(1) 1736(2) 1552(1) 20(1) 
C(9) 1785(1) 2029(2) 1763(1) 22(1) 
C(10) 1663(1) 3762(2) 2510(1) 19(1) 
C(11) 1205(1) 4614(2) 2965(1) 23(1) 
C(12) 726(1) 3877(3) 2781(2) 32(1) 
C(13) 362(1) 5024(3) 3357(2) 39(1) 
C(14) 476(1) 6862(3) 4106(2) 38(1) 
C(15) 955(1) 7621(3) 4298(2) 30(1) 
C(16) 1318(1) 6496(2) 3726(1) 22(1) 
C(17) 3397(1) 6491(2) 3255(1) 15(1) 
C(18) 3590(1) 8106(2) 2524(1) 18(1) 
C(19) 4094(1) 8208(2) 2358(1) 19(1) 
C(20) 4405(1) 6683(2) 2922(1) 17(1) 
C(21) 4226(1) 4978(2) 3673(1) 15(1) 
C(22) 3717(1) 4872(2) 3851(1) 14(1) 
C(23) 3551(1) 3175(2) 4638(1) 15(1) 
C(24) 3866(1) 1664(2) 5207(1) 17(1) 
C(25) 4369(1) 1758(2) 5016(1) 18(1) 
C(26) 4544(1) 3370(2) 4267(1) 17(1) 
 
Table 3.   Bond lengths [Å] and angles [°] for sad. 
_____________________________________________________ 
C(1)-C(2)  1.3818(17) 
C(1)-C(6)  1.4309(17) 
C(1)-C(17)  1.4874(17) 
C(2)-C(3)  1.4150(18) 
C(2)-H(2)  0.957(9) 
C(3)-C(4)  1.3648(18) 
C(3)-H(3)  0.961(9) 
C(4)-C(5)  1.4116(17) 
C(4)-C(16)  1.4729(18) 
C(5)-C(6)  1.3915(17) 
C(5)-C(10)  1.4143(17) 
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C(6)-C(7)  1.4205(17) 
C(7)-C(8)  1.3707(18) 
C(7)-H(7)  0.966(9) 
C(8)-C(9)  1.4214(19) 
C(8)-H(8)  0.955(9) 
C(9)-C(10)  1.3716(19) 
C(9)-H(9)  0.964(9) 
C(10)-C(11)  1.4709(18) 
C(11)-C(12)  1.3850(19) 
C(11)-C(16)  1.414(2) 
C(12)-C(13)  1.392(2) 
C(12)-H(12)  0.966(9) 
C(13)-C(14)  1.385(3) 
C(13)-H(13)  0.981(9) 
C(14)-C(15)  1.390(2) 
C(14)-H(14)  0.973(9) 
C(15)-C(16)  1.3827(19) 
C(15)-H(15)  0.966(9) 
C(17)-C(18)  1.3762(17) 
C(17)-C(22)  1.4285(17) 
C(18)-C(19)  1.4079(18) 
C(18)-H(18)  0.959(9) 
C(19)-C(20)  1.3597(18) 
C(19)-H(19)  0.955(9) 
C(20)-C(21)  1.4132(17) 
C(20)-H(20)  0.959(9) 
C(21)-C(26)  1.4176(17) 
C(21)-C(22)  1.4226(17) 
C(22)-C(23)  1.4164(16) 
C(23)-C(24)  1.3620(17) 
C(23)-H(23)  0.961(9) 
C(24)-C(25)  1.4094(17) 
C(24)-H(24)  0.954(9) 
C(25)-C(26)  1.3638(18) 
C(25)-H(25)  0.954(9) 
C(26)-H(26)  0.960(9) 
 
C(2)-C(1)-C(6) 118.44(11) 
C(2)-C(1)-C(17) 119.40(11) 
C(6)-C(1)-C(17) 122.10(10) 
C(1)-C(2)-C(3) 123.73(12) 
C(1)-C(2)-H(2) 117.6(9) 
C(3)-C(2)-H(2) 118.7(9) 
C(4)-C(3)-C(2) 118.29(11) 
C(4)-C(3)-H(3) 122.0(9) 
C(2)-C(3)-H(3) 119.7(9) 
C(3)-C(4)-C(5) 118.66(11) 
C(3)-C(4)-C(16) 135.11(12) 
C(5)-C(4)-C(16) 106.23(11) 
C(6)-C(5)-C(4) 124.27(11) 
C(6)-C(5)-C(10) 124.38(11) 
C(4)-C(5)-C(10) 111.35(11) 
C(5)-C(6)-C(7) 115.70(11) 
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C(5)-C(6)-C(1) 116.61(11) 
C(7)-C(6)-C(1) 127.69(11) 
C(8)-C(7)-C(6) 120.51(12) 
C(8)-C(7)-H(7) 119.3(9) 
C(6)-C(7)-H(7) 120.2(9) 
C(7)-C(8)-C(9) 122.59(12) 
C(7)-C(8)-H(8) 119.5(9) 
C(9)-C(8)-H(8) 117.9(9) 
C(10)-C(9)-C(8) 118.20(12) 
C(10)-C(9)-H(9) 120.8(9) 
C(8)-C(9)-H(9) 121.0(9) 
C(9)-C(10)-C(5) 118.63(12) 
C(9)-C(10)-C(11) 135.36(12) 
C(5)-C(10)-C(11) 106.01(11) 
C(12)-C(11)-C(16) 120.14(13) 
C(12)-C(11)-C(10) 131.46(14) 
C(16)-C(11)-C(10) 108.39(12) 
C(11)-C(12)-C(13) 118.70(15) 
C(11)-C(12)-H(12) 120.6(10) 
C(13)-C(12)-H(12) 120.7(10) 
C(14)-C(13)-C(12) 120.93(15) 
C(14)-C(13)-H(13) 119.6(11) 
C(12)-C(13)-H(13) 119.5(12) 
C(13)-C(14)-C(15) 120.97(15) 
C(13)-C(14)-H(14) 120.2(12) 
C(15)-C(14)-H(14) 118.8(12) 
C(16)-C(15)-C(14) 118.54(15) 
C(16)-C(15)-H(15) 120.4(10) 
C(14)-C(15)-H(15) 121.1(10) 
C(15)-C(16)-C(11) 120.72(13) 
C(15)-C(16)-C(4) 131.26(13) 
C(11)-C(16)-C(4) 108.01(11) 
C(18)-C(17)-C(22) 118.93(11) 
C(18)-C(17)-C(1) 119.21(11) 
C(22)-C(17)-C(1) 121.83(10) 
C(17)-C(18)-C(19) 121.72(11) 
C(17)-C(18)-H(18) 117.9(9) 
C(19)-C(18)-H(18) 120.4(9) 
C(20)-C(19)-C(18) 120.09(11) 
C(20)-C(19)-H(19) 120.7(9) 
C(18)-C(19)-H(19) 119.2(9) 
C(19)-C(20)-C(21) 120.66(12) 
C(19)-C(20)-H(20) 120.7(9) 
C(21)-C(20)-H(20) 118.7(9) 
C(20)-C(21)-C(26) 121.55(11) 
C(20)-C(21)-C(22) 119.50(11) 
C(26)-C(21)-C(22) 118.94(11) 
C(23)-C(22)-C(21) 118.32(11) 
C(23)-C(22)-C(17) 122.58(11) 
C(21)-C(22)-C(17) 119.09(11) 
C(24)-C(23)-C(22) 121.36(11) 
C(24)-C(23)-H(23) 120.2(9) 
C(22)-C(23)-H(23) 118.4(9) 
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C(23)-C(24)-C(25) 120.25(11) 
C(23)-C(24)-H(24) 119.6(9) 
C(25)-C(24)-H(24) 120.2(9) 
C(26)-C(25)-C(24) 120.15(11) 
C(26)-C(25)-H(25) 119.7(9) 
C(24)-C(25)-H(25) 120.2(9) 
C(25)-C(26)-C(21) 120.98(11) 
C(25)-C(26)-H(26) 119.2(9) 
C(21)-C(26)-H(26) 119.8(9) 
_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms:  
  
 
Table 4.   Anisotropic displacement parameters (Å2x 103)for sad.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
________________________________________________________________________ 
C(1) 18(1)  16(1) 12(1)  2(1) 1(1)  1(1) 
C(2) 21(1)  16(1) 16(1)  0(1) 0(1)  0(1) 
C(3) 22(1)  18(1) 18(1)  -1(1) 2(1)  5(1) 
C(4) 18(1)  20(1) 15(1)  2(1) 2(1)  4(1) 
C(5) 19(1)  18(1) 13(1)  2(1) 1(1)  1(1) 
C(6) 18(1)  16(1) 12(1)  2(1) 0(1)  1(1) 
C(7) 20(1)  18(1) 14(1)  1(1) 2(1)  2(1) 
C(8) 26(1)  17(1) 17(1)  0(1) 1(1)  0(1) 
C(9) 24(1)  21(1) 19(1)  0(1) -2(1)  -4(1) 
C(10) 18(1)  22(1) 17(1)  3(1) 0(1)  -2(1) 
C(11) 19(1)  28(1) 21(1)  4(1) 1(1)  1(1) 
C(12) 21(1)  38(1) 36(1)  0(1) 2(1)  -4(1) 
C(13) 19(1)  52(1) 47(1)  0(1) 6(1)  -2(1) 
C(14) 21(1)  52(1) 42(1)  -2(1) 9(1)  8(1) 
C(15) 23(1)  37(1) 30(1)  -2(1) 5(1)  6(1) 
C(16) 19(1)  28(1) 20(1)  4(1) 2(1)  3(1) 
C(17) 17(1)  15(1) 12(1)  -2(1) 2(1)  -1(1) 
C(18) 21(1)  16(1) 16(1)  0(1) 1(1)  0(1) 
C(19) 24(1)  18(1) 15(1)  0(1) 3(1)  -6(1) 
C(20) 17(1)  21(1) 14(1)  -2(1) 3(1)  -5(1) 
C(21) 17(1)  18(1) 11(1)  -4(1) 2(1)  -2(1) 
C(22) 17(1)  15(1) 11(1)  -3(1) 1(1)  -2(1) 
C(23) 15(1)  19(1) 12(1)  -1(1) 2(1)  -2(1) 
C(24) 20(1)  17(1) 14(1)  1(1) 2(1)  -2(1) 
C(25) 19(1)  18(1) 17(1)  -1(1) 0(1)  3(1) 
C(26) 15(1)  21(1) 16(1)  -4(1) 2(1)  1(1) 
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Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 
for sad. 
 
 x  y  z  U(eq) 
 
 
H(2) 2899(5) 9200(20) 4560(15) 21 
H(3) 2060(5) 9553(19) 4849(15) 23 
H(7) 2987(4) 2810(20) 1918(16) 21 
H(8) 2372(6) 509(18) 1050(15) 24 
H(9) 1537(5) 1040(20) 1394(16) 26 
H(12) 645(6) 2610(20) 2246(17) 38 
H(13) 24(4) 4490(30) 3260(20) 47 
H(14) 218(5) 7660(30) 4494(19) 46 
H(15) 1034(6) 8902(19) 4820(17) 36 
H(18) 3369(5) 9180(20) 2130(15) 21 
H(19) 4215(5) 9364(19) 1854(15) 23 
H(20) 4750(3) 6750(20) 2825(16) 21 
H(23) 3207(3) 3110(20) 4766(15) 19 
H(24) 3742(5) 524(19) 5719(14) 21 
H(25) 4588(5) 690(20) 5404(15) 22 
H(26) 4888(3) 3420(20) 4156(16) 21 
Table 6.  Torsion angles [°] for sad. 
________________________________________________________________ 
C(6)-C(1)-C(2)-C(3) -0.09(18) 
C(17)-C(1)-C(2)-C(3) 177.31(11) 
C(1)-C(2)-C(3)-C(4) -0.28(19) 
C(2)-C(3)-C(4)-C(5) 0.29(18) 
C(2)-C(3)-C(4)-C(16) 179.38(13) 
C(3)-C(4)-C(5)-C(6) 0.04(19) 
C(16)-C(4)-C(5)-C(6) -179.29(11) 
C(3)-C(4)-C(5)-C(10) 179.92(11) 
C(16)-C(4)-C(5)-C(10) 0.59(14) 
C(4)-C(5)-C(6)-C(7) -179.95(11) 
C(10)-C(5)-C(6)-C(7) 0.19(17) 
C(4)-C(5)-C(6)-C(1) -0.40(18) 
C(10)-C(5)-C(6)-C(1) 179.74(11) 
C(2)-C(1)-C(6)-C(5) 0.40(16) 
C(17)-C(1)-C(6)-C(5) -176.91(10) 
C(2)-C(1)-C(6)-C(7) 179.89(11) 
C(17)-C(1)-C(6)-C(7) 2.57(19) 
C(5)-C(6)-C(7)-C(8) 0.09(17) 
C(1)-C(6)-C(7)-C(8) -179.40(12) 
C(6)-C(7)-C(8)-C(9) -0.24(19) 
C(7)-C(8)-C(9)-C(10) 0.10(19) 
C(8)-C(9)-C(10)-C(5) 0.17(18) 
C(8)-C(9)-C(10)-C(11) -179.19(13) 
C(6)-C(5)-C(10)-C(9) -0.33(19) 
C(4)-C(5)-C(10)-C(9) 179.80(11) 
C(6)-C(5)-C(10)-C(11) 179.21(11) 
C(4)-C(5)-C(10)-C(11) -0.67(14) 
C(9)-C(10)-C(11)-C(12) 0.7(3) 
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C(5)-C(10)-C(11)-C(12) -178.70(14) 
C(9)-C(10)-C(11)-C(16) 179.90(14) 
C(5)-C(10)-C(11)-C(16) 0.48(14) 
C(16)-C(11)-C(12)-C(13) 0.0(2) 
C(10)-C(11)-C(12)-C(13) 179.10(15) 
C(11)-C(12)-C(13)-C(14) -0.3(3) 
C(12)-C(13)-C(14)-C(15) 0.3(3) 
C(13)-C(14)-C(15)-C(16) -0.1(3) 
C(14)-C(15)-C(16)-C(11) -0.1(2) 
C(14)-C(15)-C(16)-C(4) -178.81(14) 
C(12)-C(11)-C(16)-C(15) 0.2(2) 
C(10)-C(11)-C(16)-C(15) -179.11(12) 
C(12)-C(11)-C(16)-C(4) 179.16(12) 
C(10)-C(11)-C(16)-C(4) -0.13(14) 
C(3)-C(4)-C(16)-C(15) -0.6(3) 
C(5)-C(4)-C(16)-C(15) 178.56(14) 
C(3)-C(4)-C(16)-C(11) -179.43(14) 
C(5)-C(4)-C(16)-C(11) -0.27(14) 
C(2)-C(1)-C(17)-C(18) -61.30(16) 
C(6)-C(1)-C(17)-C(18) 115.99(13) 
C(2)-C(1)-C(17)-C(22) 116.87(13) 
C(6)-C(1)-C(17)-C(22) -65.84(16) 
C(22)-C(17)-C(18)-C(19) -0.41(18) 
C(1)-C(17)-C(18)-C(19) 177.82(11) 
C(17)-C(18)-C(19)-C(20) 0.20(19) 
C(18)-C(19)-C(20)-C(21) 0.37(18) 
C(19)-C(20)-C(21)-C(26) 179.86(11) 
C(19)-C(20)-C(21)-C(22) -0.71(18) 
C(20)-C(21)-C(22)-C(23) -178.40(10) 
C(26)-C(21)-C(22)-C(23) 1.04(16) 
C(20)-C(21)-C(22)-C(17) 0.49(16) 
C(26)-C(21)-C(22)-C(17) 179.93(10) 
C(18)-C(17)-C(22)-C(23) 178.90(11) 
C(1)-C(17)-C(22)-C(23) 0.72(17) 
C(18)-C(17)-C(22)-C(21) 0.06(17) 
C(1)-C(17)-C(22)-C(21) -178.12(10) 
C(21)-C(22)-C(23)-C(24) -0.45(17) 
C(17)-C(22)-C(23)-C(24) -179.30(11) 
C(22)-C(23)-C(24)-C(25) -0.27(18) 
C(23)-C(24)-C(25)-C(26) 0.39(18) 
C(24)-C(25)-C(26)-C(21) 0.23(18) 
C(20)-C(21)-C(26)-C(25) 178.48(11) 
C(22)-C(21)-C(26)-C(25) -0.95(17) 
________________________________________________________________ 
Symmetry transformations used to generate equivalent atoms:  
 
 
 
 
165 
 
3.4.14. Indeno[1,2,3-cd]perylene 
 
The starting material (16.4 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene (except that the reaction was run for 
1 h instead of 20 min), giving 7.2 mg (0.022 mmol) of indeno[1,2,3-cd]perylene in 44% 
yield. 
Note: If the reaction is run using the exact conditions described above, but instead the 
reaction time is 20 min rather than 1 h, indeno[1,2,3-cd]perylene is obtained in an 8.5% 
yield. 
 
mp: 270-272 °C. 1H NMR (400 MHz, 1:1 CDCl3:CS2) δ: 8.32 (dd, J = 7.6, 1.0, 2H), 8.26 
(d, J = 8.0, 2H), 7.96 (d, J = 8.0, 2H), 7.87 (aa' of aa'bb', 2H), 7.75 (dd, J = 7.6, 1.0, 2H), 
7.54 (t, J = 7.6, 2H), 7.34 (bb' of aa'bb', 2H). 13C NMR (125 MHz, 1:1 CDCl3:CS2): δ 
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129.17, 127.24, 126.57, 121.63, 121.61, 121.29, 120.76 (quaternary carbon singlets not 
observed). HRMS (DART) (m/z): [M + 1]+ calc for C26H15, 327.1174, found 327.1174. 
UV-vis (CH2Cl2) λmax(log ε): 230 (4.8), 250 (4.6), 274sh (4.4), 318 (3.9), 334 (3.9), 352 
(3.9), 444sh (4.1), 468 (4.3), 496 (4.3). 
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3.4.15. Benzo[ghi]perylene from Microwave Assisted Anionic Cyclodehydrogenation 
 
The starting material (13.9 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir-bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene, giving 13.5 mg (0.0489 mmol) of 
benzo[ghi]perylene in 98% yield. 
 
Note: The starting material was provided by Xiang Xue. 
Proton NMR matches that previously reported in the literature.6 
 
 
 
 
                                                            
6 Xue, X; Scott, L. T. Org. Lett., 2007, 9, 3937-3940. 
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3.4.16. Benzo[ghi]perylene from Bench-top Heating Anionic Cyclodehydrogenation 
 
The starting material (10.8 mg, 0.039 mmol) and 20 mL (ca. 1.6 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 40 mL solution of potassium 
naphthalenide in THF prepared from 998.4 mg (7.8 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 100 mL round bottom flask equipped with a 
stir-bar and reflux condenser. The reaction mixture was refluxed overnight. The next day, 
the reaction was quenched by exposure to air. The crude product mixture was then 
concentrated to dryness under reduced pressure and flashed through a short plug of silica 
using hexanes as the eluent to remove excess naphthalene. Dichloromethane was then 
used to flush the product mixture off the plug. This semi-purified product mixture was 
then concentrated to dryness under reduced pressure and column chromatographed on 
silica gel using 1:3 dichloromethane:hexanes as the eluent. The fraction containing 
product was evaporated to dryness under reduced pressure to give 7.0 mg (0.025 mmol) 
of benzo[ghi]perylene in 65% yield. 
Note: The starting material was provided by Xiang Xue. 
Proton NMR matches that previously reported in the literature.6 
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3.4.17. Triphenylene 
 
Microwave assisted method: 
The starting material (11.5 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene (except that the reaction was run for 
3 h instead of 20 min), giving 10.8 mg (0.048 mmol) of triphenylene in 95% yield. 
Note: If the reaction is run for 1 hour holding all other variables constant, triphenylene is 
obtained in 38% yield. If the reaction is run for 20 min, triphenylene is obtained in 18% 
yield. 
Bench-top heating: 
The starting material (9.0 mg, 0.039 mmol) and 20 mL (ca. 1.56 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 40 mL solution of potassium 
naphthalenide in THF prepared from 998.4 mg (7.80 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 50 mL round bottom flask containing a stir 
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bar. The reaction was carried out as described for converting binaphthyl to perylene using 
the bench-top heating method (24 h) giving crude triphenylene in approximately 6% yield 
based on NMR integration of the crude product. 
 
Proton NMR matches that previously reported in the literature.7 
 
 
 
 
 
 
 
 
 
 
 
                                                            
7 Sukumaran, K. B.; Harvey, R. G., J. Org. Chem. 1981, 46, 2740-2745. 
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3.4.18. Dibenzo[g,p]chrysene from 9,10-diphenylphenanthrene 
 
The starting material (16.5 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene. No dibenzo[g,p]chrysene or 
dihydrodibenzo[g,p]chrysene (see next page) was observed in the 1H-NMR spectrum of 
the crude reaction product. Only starting material was recovered. 
 
Note: The starting material was provided by Xiang Xue. 
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3.4.19. Dibenzo[g,p]chrysene from 9-(biphenyl-2-yl)phenanthrene 
K+nap-
THF, microwave
90 oC, 20 min
DDQ
 
The starting material (16.5 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene. The crude product was determined 
to be the reduced hydrocarbon shown above, based on the observed proton NMR. 
Starting material was also detected and subsequently recovered (10.2 mg).  
Subsequent oxidation was then carried out by combining the intermediate (7.2 
mg, 0.022 mmol) with 24.7 mg of 2,3-dichloro-5,6-dicyanobenzoquinone (0.109 mmol) 
and 2 mL of benzene. The reaction mixture was stirred at room temperature overnight. 
The crude reaction mixture was then concentrated to dryness under reduced pressure and 
purified by silica gel chromatography using hexanes as the eluent to give 7.2 mg (0.022 
mmol) of benzo[b]perylene in 44% overall yield over two steps. 
Note: The starting material was provided by Xiang Xue. 
The proton NMR of the product matches that reported in the Ph.D. thesis of Xiang Xue. 
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3.4.20. Fluoranthene 
 
 The starting material (10.2 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in an oven dried, nitrogen flushed, 7 mL microwave reactor vessel containing a 
stir bar and fitted with a septum. The reaction was run in the microwave at 90 °C for 3 h.1 
Upon completing, the reaction was quenched by bubbling oxygen through the product 
mixture for 20 min. The mixture was then concentrated to dryness under reduced 
pressure. The mixture was run through a short plug of silica using hexanes as the eluent 
to remove the excess naphthalene. The major fraction contained mostly starting material 
with a small amount of fluoranthene (yield estimated to be 20% based on NMR 
integration).  
 
Proton NMR matches that of the commercially available compound from Aldrich 
Chemical Company. 
 
 
181 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 H
 N
M
R
 (4
00
 M
H
z,
 C
D
C
l 3)
 o
f f
lu
or
an
th
en
e 
an
d 
st
ar
tin
g 
m
at
er
ia
l 
182 
 
3.4.21. Attempted Synthesis of Benzo[a]aceanthrylene by Cyclodehydrogenation of 
1-phenylanthracene 
 
The starting material (12.7 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene. No benzo[a]aceanthrylene was 
observed in the 1H-NMR spectrum of the crude reaction product. Only starting material 
was recovered. 
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3.4.22. Attempted Synthesis of Benzo[a]aceanthrylene by Cyclodehydrogenation of 
9-phenylanthracene 
 
The starting material (12.7 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene. No benzo[a]aceanthrylene was 
observed in the 1H-NMR spectrum of the crude reaction product. Only starting material 
was recovered. 
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3.4.23. Attempted Synthesis of Circumtrindene by Cyclodehydrogenation of 
Decacyclene 
 
The starting material (22.5 mg, 0.05 mmol) and 5 mL (ca. 0.5 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 320.0 mg (2.50 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting 1,1'-binaphthyl to perylene. No circumtrindene was observed in 
the 1H-NMR spectrum of the crude reaction product. Only starting material was 
recovered. 
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3.4.24. Perinaphtho[1,2,3-bc]corannulene and Acenaphtho[1,2-a]corannulene 
 
The starting material (30.0 mg, 0.081 mmol) and 5.0 mL (ca. 1.6 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 1.036 g (8.1 mmol) of naphthalene) were combined 
in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. The 
microwave assisted cyclodehydrogenation and quench were then carried out as described 
for converting 1,1'-binaphthyl to perylene. A silica plug was then run on the crude 
reaction mixture using hexanes as the eluent to remove excess naphthalene, and then 
flushed with dichloromethane to give a second fraction containing the product mixture. 
This mixture was then loaded onto a silica gel preparatory plate run and using 
cyclohexane as the eluent. The baseline contained purified six membered ring product, 
while a band with an Rf of approximately 0.7 contained mostly six membered ring, with a 
trace amount of five membered ring. The purified six membered ring was obtained in 
52% yield (0.041 mmol). Crystals suitable for X-ray diffraction were grown from 
cyclohexane. 
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Note: See Rf=0.7 fraction NMR for proton NMR shifts of the symmetrical 5 membered 
ring product. Not enough of this product was available for complete characterization. 
perinaphtho[1,2,3-bc]corannulene:  
mp: 322-323 °C. 1H NMR (400 MHz, 1:1 CDCl3:CS2) δ: 8.43 (dd, J = 8.0, 1.0, 2H), 8.28 
(s, 2H), 7.86 (d, J = 8.8, 2H), 7.83 (dd, J = 8.0, 1.0, 2H), 7.82 (d, J = 8.8, 2H), 7.80 (s, 
2H), 7.61 (t, J = 8.0, 2H). 13C NMR (125 MHz, 1:1 CDCl3:CS2): δ 137.57, 136.22, 
136.06, 134.76, 134.00, 132.77, 131.30, 131.11, 129.23, 129.08, 128.17, 127.61, 127.58, 
126.87, 126.48, 122.11, 120.04. HRMS (DART) (m/z): [M+1]+ calc for C30H15, 
375.1174, found 375.1160. UV-vis (CH2Cl2) λmax(log ε): 232sh (4.0), 250 (4.1), 322 
(3.6), 338sh (3.5), 400sh (3.5), 428 (3.7), 454 (3.7). 
acenaphtho[1,2-a]corannulene: 
1H NMR (400 MHz, 1:1 CDCl3:CS2) δ: 8.52 (d, J = 6.8, 2H), 8.44 (d, J = 8.0, 2H), 7.95 
(d, J = 9.2, 2H), 7.92 (d, J = 8.0, 2H), 7.84 (s, 4H), 7.74 (dd, J = 7.8, 7.2, 2H). 
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X-Ray Crystal Structure of Perinaphtho[1,2,3-bc]corannulene: 
 
Table 1.  Crystal data and structure refinement for sad. 
Identification code  C30H14 
Empirical formula  C30 H14 
Formula weight  374.41 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 1 21/n 1 
Unit cell dimensions a = 10.4687(19) Å a= 90°. 
 b = 14.140(3) Å b= 97.155(3)°. 
 c = 11.893(2) Å g = 90°. 
Volume 1746.8(6) Å3 
Z 4 
Density (calculated) 1.424 Mg/m3 
Absorption coefficient 0.081 mm-1 
F(000) 776 
Crystal size 0.11 x 0.08 x 0.05 mm3 
Theta range for data collection 2.25 to 25.00°. 
Index ranges -12<=h<=12, -16<=k<=16, -14<=l<=14 
Reflections collected 16787 
Independent reflections 3073 [R(int) = 0.1536] 
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Completeness to theta = 25.00° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9960 and 0.9911 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3073 / 328 / 271 
Goodness-of-fit on F2 0.994 
Final R indices [I>2sigma(I)] R1 = 0.0722, wR2 = 0.1144 
R indices (all data) R1 = 0.1957, wR2 = 0.1566 
Extinction coefficient na 
Largest diff. peak and hole 0.254 and -0.173 e.Å-3 
 
Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for sad.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________ 
 x y z U(eq) 
________________________________________________________________________________ 
C(1) 11228(4) 1766(3) 7778(3) 45(1) 
C(2) 11960(4) 1424(3) 6965(3) 46(1) 
C(3) 13212(4) 1787(3) 7215(4) 50(1) 
C(4) 13233(4) 2367(3) 8173(4) 53(1) 
C(5) 11999(4) 2352(3) 8524(4) 48(1) 
C(6) 10197(4) 1264(3) 8115(4) 46(1) 
C(7) 9770(4) 473(3) 7439(3) 47(1) 
C(8) 10510(4) 126(3) 6624(3) 51(1) 
C(9) 11701(4) 550(3) 6429(3) 53(1) 
C(10) 12778(5) 144(3) 5987(3) 64(1) 
C(11) 14029(5) 506(4) 6236(4) 67(1) 
C(12) 14289(5) 1309(4) 6941(4) 64(1) 
C(13) 15469(4) 1574(4) 7596(4) 70(1) 
C(14) 15497(5) 2158(3) 8551(5) 70(1) 
C(15) 14339(5) 2520(3) 8916(5) 63(1) 
C(16) 14125(5) 2815(3) 10013(4) 68(1) 
C(17) 12907(5) 2799(3) 10373(4) 64(1) 
C(18) 11798(5) 2468(3) 9651(4) 58(1) 
C(19) 10667(4) 2041(3) 9959(4) 58(1) 
C(20) 9877(4) 1444(3) 9221(3) 45(1) 
C(21) 8785(4) 894(3) 9566(3) 45(1) 
C(22) 8353(4) 1020(3) 10605(4) 60(1) 
C(23) 7305(4) 502(4) 10911(4) 68(1) 
C(24) 6677(4) -122(4) 10176(5) 70(1) 
C(25) 7062(4) -273(3) 9095(4) 59(1) 
C(26) 6378(4) -887(3) 8306(5) 70(1) 
C(27) 6783(5) -1057(3) 7290(5) 70(2) 
C(28) 7904(4) -624(3) 7005(4) 58(1) 
C(29) 8593(4) -2(3) 7728(4) 47(1) 
C(30) 8168(4) 211(3) 8796(4) 47(1) 
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Table 3.   Bond lengths [Å] and angles [°] for sad. 
_____________________________________________________ 
C(1)-C(6)  1.391(5) 
C(1)-C(2)  1.393(5) 
C(1)-C(5)  1.396(5) 
C(2)-C(9)  1.401(5) 
C(2)-C(3)  1.405(5) 
C(3)-C(12)  1.387(5) 
C(3)-C(4)  1.402(5) 
C(4)-C(15)  1.382(6) 
C(4)-C(5)  1.407(5) 
C(5)-C(18)  1.392(5) 
C(6)-C(7)  1.418(5) 
C(6)-C(20)  1.421(5) 
C(7)-C(8)  1.403(5) 
C(7)-C(29)  1.481(5) 
C(8)-C(9)  1.427(5) 
C(8)-H(8A)  0.9500 
C(9)-C(10)  1.423(5) 
C(10)-C(11)  1.404(6) 
C(10)-H(10A)  0.9500 
C(11)-C(12)  1.418(6) 
C(11)-H(11A)  0.9500 
C(12)-C(13)  1.427(6) 
C(13)-C(14)  1.401(6) 
C(13)-H(13A)  0.9500 
C(14)-C(15)  1.433(6) 
C(14)-H(14A)  0.9500 
C(15)-C(16)  1.414(6) 
C(16)-C(17)  1.395(6) 
C(16)-H(16A)  0.9500 
C(17)-C(18)  1.435(5) 
C(17)-H(17A)  0.9500 
C(18)-C(19)  1.417(6) 
C(19)-C(20)  1.409(5) 
C(19)-H(19A)  0.9500 
C(20)-C(21)  1.482(5) 
C(21)-C(22)  1.378(5) 
C(21)-C(30)  1.428(5) 
C(22)-C(23)  1.404(5) 
C(22)-H(22A)  0.9500 
C(23)-C(24)  1.353(6) 
C(23)-H(23A)  0.9500 
C(24)-C(25)  1.411(6) 
C(24)-H(24A)  0.9500 
C(25)-C(26)  1.406(6) 
C(25)-C(30)  1.428(6) 
C(26)-C(27)  1.351(6) 
C(26)-H(26A)  0.9500 
C(27)-C(28)  1.402(5) 
C(27)-H(27A)  0.9500 
C(28)-C(29)  1.371(5) 
C(28)-H(28A)  0.9500 
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C(29)-C(30)  1.429(5) 
 
C(6)-C(1)-C(2) 122.4(4) 
C(6)-C(1)-C(5) 121.8(4) 
C(2)-C(1)-C(5) 108.8(4) 
C(1)-C(2)-C(9) 122.0(4) 
C(1)-C(2)-C(3) 107.8(4) 
C(9)-C(2)-C(3) 122.8(4) 
C(12)-C(3)-C(4) 123.0(5) 
C(12)-C(3)-C(2) 122.4(5) 
C(4)-C(3)-C(2) 107.8(4) 
C(15)-C(4)-C(3) 122.5(5) 
C(15)-C(4)-C(5) 122.7(5) 
C(3)-C(4)-C(5) 108.1(4) 
C(18)-C(5)-C(1) 122.5(4) 
C(18)-C(5)-C(4) 122.6(4) 
C(1)-C(5)-C(4) 107.5(4) 
C(1)-C(6)-C(7) 116.1(4) 
C(1)-C(6)-C(20) 117.2(4) 
C(7)-C(6)-C(20) 124.9(4) 
C(8)-C(7)-C(6) 120.3(4) 
C(8)-C(7)-C(29) 123.3(4) 
C(6)-C(7)-C(29) 116.1(4) 
C(7)-C(8)-C(9) 122.3(4) 
C(7)-C(8)-H(8A) 118.8 
C(9)-C(8)-H(8A) 118.8 
C(2)-C(9)-C(10) 114.0(4) 
C(2)-C(9)-C(8) 114.8(4) 
C(10)-C(9)-C(8) 129.7(4) 
C(11)-C(10)-C(9) 122.5(5) 
C(11)-C(10)-H(10A) 118.8 
C(9)-C(10)-H(10A) 118.8 
C(10)-C(11)-C(12) 121.5(5) 
C(10)-C(11)-H(11A) 119.3 
C(12)-C(11)-H(11A) 119.3 
C(3)-C(12)-C(11) 115.4(5) 
C(3)-C(12)-C(13) 114.7(5) 
C(11)-C(12)-C(13) 128.5(5) 
C(14)-C(13)-C(12) 121.8(5) 
C(14)-C(13)-H(13A) 119.1 
C(12)-C(13)-H(13A) 119.1 
C(13)-C(14)-C(15) 121.5(5) 
C(13)-C(14)-H(14A) 119.2 
C(15)-C(14)-H(14A) 119.2 
C(4)-C(15)-C(16) 114.8(5) 
C(4)-C(15)-C(14) 115.1(5) 
C(16)-C(15)-C(14) 128.5(5) 
C(17)-C(16)-C(15) 122.3(5) 
C(17)-C(16)-H(16A) 118.8 
C(15)-C(16)-H(16A) 118.8 
C(16)-C(17)-C(18) 121.6(5) 
C(16)-C(17)-H(17A) 119.2 
C(18)-C(17)-H(17A) 119.2 
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C(5)-C(18)-C(19) 115.5(4) 
C(5)-C(18)-C(17) 114.0(5) 
C(19)-C(18)-C(17) 128.6(5) 
C(20)-C(19)-C(18) 122.6(4) 
C(20)-C(19)-H(19A) 118.7 
C(18)-C(19)-H(19A) 118.7 
C(19)-C(20)-C(6) 119.7(4) 
C(19)-C(20)-C(21) 123.7(4) 
C(6)-C(20)-C(21) 116.2(4) 
C(22)-C(21)-C(30) 119.3(4) 
C(22)-C(21)-C(20) 122.0(4) 
C(30)-C(21)-C(20) 118.7(4) 
C(21)-C(22)-C(23) 121.2(5) 
C(21)-C(22)-H(22A) 119.4 
C(23)-C(22)-H(22A) 119.4 
C(24)-C(23)-C(22) 120.3(5) 
C(24)-C(23)-H(23A) 119.8 
C(22)-C(23)-H(23A) 119.8 
C(23)-C(24)-C(25) 121.1(5) 
C(23)-C(24)-H(24A) 119.4 
C(25)-C(24)-H(24A) 119.4 
C(26)-C(25)-C(24) 121.5(5) 
C(26)-C(25)-C(30) 119.4(5) 
C(24)-C(25)-C(30) 119.1(5) 
C(27)-C(26)-C(25) 121.1(5) 
C(27)-C(26)-H(26A) 119.4 
C(25)-C(26)-H(26A) 119.4 
C(26)-C(27)-C(28) 120.2(5) 
C(26)-C(27)-H(27A) 119.9 
C(28)-C(27)-H(27A) 119.9 
C(29)-C(28)-C(27) 121.3(5) 
C(29)-C(28)-H(28A) 119.3 
C(27)-C(28)-H(28A) 119.3 
C(28)-C(29)-C(30) 119.7(4) 
C(28)-C(29)-C(7) 122.2(4) 
C(30)-C(29)-C(7) 118.1(4) 
C(21)-C(30)-C(25) 118.7(4) 
C(21)-C(30)-C(29) 123.1(4) 
C(25)-C(30)-C(29) 118.1(4) 
_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms:  
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Table 4.   Anisotropic displacement parameters (Å2x 103)for sad.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
______________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
C(1) 42(3)  44(3) 46(3)  8(2) -1(2)  7(2) 
C(2) 51(3)  42(3) 42(3)  6(2) -2(2)  9(2) 
C(3) 50(3)  52(3) 51(3)  22(2) 14(2)  7(2) 
C(4) 49(3)  48(3) 57(3)  15(2) -11(2)  -10(2) 
C(5) 61(3)  34(3) 48(3)  -1(2) 4(2)  10(2) 
C(6) 43(3)  48(3) 45(3)  2(2) -5(2)  10(2) 
C(7) 48(3)  45(3) 44(3)  4(2) -11(2)  6(2) 
C(8) 57(3)  50(3) 43(3)  2(2) -7(2)  0(2) 
C(9) 65(3)  54(3) 38(3)  8(2) 0(2)  15(3) 
C(10) 79(3)  73(4) 43(3)  11(2) 15(3)  20(3) 
C(11) 80(3)  77(4) 50(3)  13(3) 29(3)  18(3) 
C(12) 63(3)  70(4) 61(3)  29(2) 12(3)  7(3) 
C(13) 49(3)  83(4) 83(4)  43(3) 21(3)  1(3) 
C(14) 50(3)  64(4) 97(4)  34(3) 6(3)  -6(3) 
C(15) 64(3)  44(3) 80(4)  19(3) 7(3)  -14(3) 
C(16) 86(4)  46(3) 66(3)  8(3) -18(3)  -13(3) 
C(17) 77(3)  42(3) 67(3)  -6(2) -15(3)  0(3) 
C(18) 69(3)  36(3) 63(3)  -4(2) -7(3)  4(2) 
C(19) 64(3)  50(3) 59(3)  -4(2) 9(3)  15(2) 
C(20) 48(3)  44(3) 41(3)  1(2) -1(2)  14(2) 
C(21) 38(3)  51(3) 45(3)  7(2) 5(2)  17(2) 
C(22) 55(3)  72(3) 55(3)  7(2) 15(2)  16(3) 
C(23) 50(3)  96(4) 59(3)  23(3) 14(3)  25(3) 
C(24) 45(3)  83(4) 83(4)  36(3) 11(3)  11(3) 
C(25) 42(3)  61(3) 71(3)  21(3) 1(2)  7(2) 
C(26) 48(3)  60(4) 98(4)  26(3) -6(3)  -7(3) 
C(27) 54(3)  58(3) 93(4)  9(3) -18(3)  -9(3) 
C(28) 59(3)  47(3) 64(3)  -4(2) -6(2)  0(2) 
C(29) 45(3)  43(3) 49(3)  8(2) -6(2)  1(2) 
C(30) 37(2)  51(3) 52(3)  8(2) -6(2)  5(2) 
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Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 
for sad. 
________________________________________________________________________________ 
 x  y  z  U(eq) 
________________________________________________________________________________ 
 
H(8A) 10209 -409 6186 61 
H(10A) 12644 -392 5504 77 
H(11A) 14718 206 5926 81 
H(13A) 16258 1348 7380 84 
H(14A) 16303 2317 8966 84 
H(16A) 14835 3031 10523 82 
H(17A) 12810 3014 11115 77 
H(19A) 10432 2162 10692 69 
H(22A) 8771 1467 11122 72 
H(23A) 7037 589 11638 81 
H(24A) 5966 -464 10392 84 
H(26A) 5619 -1186 8491 84 
H(27A) 6306 -1472 6767 84 
H(28A) 8191 -765 6297 69 
 
Table 6.  Torsion angles [°] for sad. 
________________________________________________________________ 
C(6)-C(1)-C(2)-C(9) 0.2(6) 
C(5)-C(1)-C(2)-C(9) 151.5(4) 
C(6)-C(1)-C(2)-C(3) -150.3(4) 
C(5)-C(1)-C(2)-C(3) 0.9(5) 
C(1)-C(2)-C(3)-C(12) 150.8(4) 
C(9)-C(2)-C(3)-C(12) 0.6(6) 
C(1)-C(2)-C(3)-C(4) -1.1(5) 
C(9)-C(2)-C(3)-C(4) -151.3(4) 
C(12)-C(3)-C(4)-C(15) 1.0(7) 
C(2)-C(3)-C(4)-C(15) 152.6(4) 
C(12)-C(3)-C(4)-C(5) -150.9(4) 
C(2)-C(3)-C(4)-C(5) 0.8(5) 
C(6)-C(1)-C(5)-C(18) 0.5(6) 
C(2)-C(1)-C(5)-C(18) -151.0(4) 
C(6)-C(1)-C(5)-C(4) 151.0(4) 
C(2)-C(1)-C(5)-C(4) -0.4(5) 
C(15)-C(4)-C(5)-C(18) -1.5(7) 
C(3)-C(4)-C(5)-C(18) 150.3(4) 
C(15)-C(4)-C(5)-C(1) -152.0(4) 
C(3)-C(4)-C(5)-C(1) -0.2(5) 
C(2)-C(1)-C(6)-C(7) -11.8(6) 
C(5)-C(1)-C(6)-C(7) -159.4(4) 
C(2)-C(1)-C(6)-C(20) 153.8(4) 
C(5)-C(1)-C(6)-C(20) 6.2(6) 
C(1)-C(6)-C(7)-C(8) 11.8(5) 
C(20)-C(6)-C(7)-C(8) -152.5(4) 
C(1)-C(6)-C(7)-C(29) -174.0(3) 
C(20)-C(6)-C(7)-C(29) 21.7(6) 
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C(6)-C(7)-C(8)-C(9) -0.6(6) 
C(29)-C(7)-C(8)-C(9) -174.4(4) 
C(1)-C(2)-C(9)-C(10) -156.6(4) 
C(3)-C(2)-C(9)-C(10) -10.5(6) 
C(1)-C(2)-C(9)-C(8) 10.8(6) 
C(3)-C(2)-C(9)-C(8) 157.0(4) 
C(7)-C(8)-C(9)-C(2) -10.6(6) 
C(7)-C(8)-C(9)-C(10) 154.4(4) 
C(2)-C(9)-C(10)-C(11) 10.4(6) 
C(8)-C(9)-C(10)-C(11) -154.7(4) 
C(9)-C(10)-C(11)-C(12) -0.6(7) 
C(4)-C(3)-C(12)-C(11) 157.2(4) 
C(2)-C(3)-C(12)-C(11) 9.5(6) 
C(4)-C(3)-C(12)-C(13) -10.1(6) 
C(2)-C(3)-C(12)-C(13) -157.7(4) 
C(10)-C(11)-C(12)-C(3) -9.4(6) 
C(10)-C(11)-C(12)-C(13) 155.8(4) 
C(3)-C(12)-C(13)-C(14) 9.5(6) 
C(11)-C(12)-C(13)-C(14) -155.7(5) 
C(12)-C(13)-C(14)-C(15) -0.1(7) 
C(3)-C(4)-C(15)-C(16) -157.8(4) 
C(5)-C(4)-C(15)-C(16) -10.1(6) 
C(3)-C(4)-C(15)-C(14) 8.7(6) 
C(5)-C(4)-C(15)-C(14) 156.4(4) 
C(13)-C(14)-C(15)-C(4) -9.0(6) 
C(13)-C(14)-C(15)-C(16) 155.3(5) 
C(4)-C(15)-C(16)-C(17) 10.2(6) 
C(14)-C(15)-C(16)-C(17) -154.1(5) 
C(15)-C(16)-C(17)-C(18) 0.9(7) 
C(1)-C(5)-C(18)-C(19) -7.1(6) 
C(4)-C(5)-C(18)-C(19) -153.3(4) 
C(1)-C(5)-C(18)-C(17) 158.6(4) 
C(4)-C(5)-C(18)-C(17) 12.5(6) 
C(16)-C(17)-C(18)-C(5) -12.1(6) 
C(16)-C(17)-C(18)-C(19) 151.4(5) 
C(5)-C(18)-C(19)-C(20) 7.4(6) 
C(17)-C(18)-C(19)-C(20) -155.9(4) 
C(18)-C(19)-C(20)-C(6) -1.0(6) 
C(18)-C(19)-C(20)-C(21) 172.0(4) 
C(1)-C(6)-C(20)-C(19) -5.8(6) 
C(7)-C(6)-C(20)-C(19) 158.3(4) 
C(1)-C(6)-C(20)-C(21) -179.4(3) 
C(7)-C(6)-C(20)-C(21) -15.2(6) 
C(19)-C(20)-C(21)-C(22) 8.7(6) 
C(6)-C(20)-C(21)-C(22) -178.1(4) 
C(19)-C(20)-C(21)-C(30) -171.2(4) 
C(6)-C(20)-C(21)-C(30) 2.1(5) 
C(30)-C(21)-C(22)-C(23) -1.0(6) 
C(20)-C(21)-C(22)-C(23) 179.1(4) 
C(21)-C(22)-C(23)-C(24) -1.5(7) 
C(22)-C(23)-C(24)-C(25) 0.6(7) 
C(23)-C(24)-C(25)-C(26) -177.0(4) 
C(23)-C(24)-C(25)-C(30) 2.8(6) 
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C(24)-C(25)-C(26)-C(27) -177.2(4) 
C(30)-C(25)-C(26)-C(27) 2.9(7) 
C(25)-C(26)-C(27)-C(28) 0.3(7) 
C(26)-C(27)-C(28)-C(29) -1.9(7) 
C(27)-C(28)-C(29)-C(30) 0.2(6) 
C(27)-C(28)-C(29)-C(7) -179.2(4) 
C(8)-C(7)-C(29)-C(28) -21.4(6) 
C(6)-C(7)-C(29)-C(28) 164.6(4) 
C(8)-C(7)-C(29)-C(30) 159.2(4) 
C(6)-C(7)-C(29)-C(30) -14.8(5) 
C(22)-C(21)-C(30)-C(25) 4.4(5) 
C(20)-C(21)-C(30)-C(25) -175.8(4) 
C(22)-C(21)-C(30)-C(29) -176.6(4) 
C(20)-C(21)-C(30)-C(29) 3.2(5) 
C(26)-C(25)-C(30)-C(21) 174.6(4) 
C(24)-C(25)-C(30)-C(21) -5.3(6) 
C(26)-C(25)-C(30)-C(29) -4.5(6) 
C(24)-C(25)-C(30)-C(29) 175.7(4) 
C(28)-C(29)-C(30)-C(21) -176.1(4) 
C(7)-C(29)-C(30)-C(21) 3.3(6) 
C(28)-C(29)-C(30)-C(25) 2.9(6) 
C(7)-C(29)-C(30)-C(25) -177.7(3) 
________________________________________________________________ 
Symmetry transformations used to generate equivalent atoms:  
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3.4.25. Benzo[a]corannuleno[1,10,10a-ef]perinaphthalene and Acephenanthryl[1,2-
a]corannulene 
 
The starting material (25.7 mg, 0.060 mmol) and 5.0 mL (ca. 1.2 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 0.768 g (8.0 mmol) of naphthalene) were combined 
in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. The 
microwave assisted cyclodehydrogenation and quench were then carried out as described 
for converting binaphthyl to perylene. Excess naphthalene was removed from the reaction 
mixture by sublimation. The remaining crude reaction mixture was loaded onto a silica 
gel preparative TLC plate using dichloromethane, and run with cyclohexane as the eluent. 
The baseline contained a mixture of five and six membered ring products, while a band 
with an Rf of approximately 0.7 contained mostly five membered ring product with trace 
amounts of six membered ring product. Combining data from completely isolated five 
membered ring with 1H-NMR integration data for the five and six membered ring 
mixture provided the following yields: 70% (17.8 mg) combined yield (8.2 mg six 
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membered ring closure (orange solid as mixture with five membered ring product) (32% 
yield), 9.6 mg five membered ring product (yellow solid) (38% yield)). 
acephenanthryl[1,2-a]corannulene 
mp: 260-262 °C. 1H NMR (400 MHz, 1:1 CDCl3:CS2) δ: 8.74 (s, 1H), 8.61 (d br, J = 
8.0, 1H), 8.46 (d, J = 8.8, 1H), 8.45 (d, J = 7.2, 1H), 8.43 (d, J = 8.4, 1H), 8.40 (d, J = 
8.8, 1H), 8.11 (dd, J = 7.8, 2.0, 1H), 7.93 (d, J = 8.0, 1H), 7.90 (d, J = 8.0, 1H), 7.80 (dd, 
J = 8.0, 7.2, 1H), 7.78 (s, 2H), 7.77 (s, 2H), 7.68 (td, J = 7.2, 2.0, 1H), 7.63 (td, J = 7.2, 
2.0, 1H). 13C NMR (125 MHz, 1:1 CDCl3:CS2): δ 130.62, 128.41, 128.09, 127.90, 
127.68, 127.22, 127.10 (3C), 127.01, 126.23, 125.65, 125.58, 123.19, 122.83, 122.06. 
HRMS (DART) (m/z): [M+1]+ calc for C34H17, 425.1330, found 425.1320. UV-vis 
(CH2Cl2) λmax (log ε): 232sh (4.5), 242 (4.6), 272 (4.6), 312 (4.3), 318sh (4.3), 366 (4.4). 
 
benzo[a]corannuleno[1,10,10a-ef]perinaphthalene  
1H NMR (400 MHz, 1:1 CDCl3:CS2) δ: three indicative downfield singlets are: 8.65 (s, 
1H), 8.34 (s, 1H), 8.24 (s, 1H). 
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3.4.26. Attempted Synthesis of Benzo[ghi]fluoranthene by Anionic 
Cyclodehydrogenation 
 
The starting material (3 mg, 0.013 mmol) and 5 mL (ca. 0.03 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 10 mL solution of potassium 
naphthalenide in THF prepared from 20.48 mg (0.160 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed 7 mL microwave vessel containing a stir bar. 
The microwave assisted cyclodehydrogenation and separation were then carried out as 
described for converting binaphthyl to perylene.  No benzo[ghi]fluoranthene was 
observed in the 1H-NMR spectrum of the crude reaction product. Only starting material 
was recovered. 
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3.4.27. Phenanthro[1,10,9,8-opqra]perylene 
 
The starting material (10.0 mg, 0.028 mmol) and 20 mL (ca. 1.1 mmol of active 
reagent) of a potassium naphthalenide solution (half of a 40 mL solution of potassium 
naphthalenide in THF prepared from 716.8 mg (5.60 mmol) of naphthalene) were 
combined in a flame dried, nitrogen flushed round bottom flask equipped with a stir-bar 
and reflux condenser. The reaction was refluxed overnight and the following day, 
quenched by exposure to air. The reaction mixture was then concentrated to dryness 
under reduced pressure and run through a short plug of silica using hexanes as the solvent 
to wash off excess naphthalene. The plug was then flushed with dichloromethane to wash 
off the starting material and the product. The crude product mixture was then 
concentrated to dryness under reduced pressure returning only starting material by NMR 
analysis. No cyclodehydrogenation was observed. 
 
Note: The starting material was obtained from Eric Fort. 
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Chapter 4 
Computational Analysis of Anionic 
Cyclodehydrogenation Transition States 
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4.1. Introduction 
 In chapter 3 we examined a variety of anionic cyclodehydrogenation reactions. In 
many cases, arguments were made regarding why preference was shown for certain 
cyclodehydrogenation pathways over others. Some of these arguments included sterics, 
ring strain, and competitions with other cyclodehydrogenation pathways. In an effort to 
draw more concrete conclusions regarding what dictates product formation we carried out 
B3LYP/6-31G* transition state calculations. We hypothesize that a correlation can be 
drawn between these relative transition state energies and the formation of observed 
products.  
 
4.2. General Experimental 
 All calculations were carried out on Spartan ’06. Transition states were obtained 
by first carrying out a conformer optimization at the MMFF level of theory. This was 
then followed by a geometry optimization at the AM1 level of theory, and subsequent 
transition state search at the B3LYP/6-31G* level. If this failed, it was sometimes useful 
to perform the transition state search first at the AM1 level of theory, and once 
successfully found, searched for again at the B3LYP/6-31G* level. If this also failed to 
give convergence, the “converge” box was marked in the calculations setup window. 
While this generally required longer calculation times, it would often furnish a true 
transition state. If this method failed, then the data were not reported. To confirm that the 
appropriate transition state was in fact found, the imaginary frequency of vibration was 
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examined to ensure that the stretching correlated with the appropriate carbon-carbon 
bond being formed. 
 B3LYP/6-31G* geometry optimization was also carried out on each molecule as a 
mono- and dianion to serve as a ground state reference in calculating the activation 
energy of each transformation. 
 
4.3. Discussion of Transition State Calculations 
 Table 4.1 contains all of the data presented in this chapter. Its purpose is not to 
confuse, but rather to serve as a single location from which various data may be 
compared without having to flip back and forth between pages. A complete set of data 
was obtained for all monoanion transition states and most data was obtained also for 
dianion transition states. Finding dianion transition states proved to be much more 
troublesome than the monoanion counterparts. The dianions are presented only as 
supplemental data, and will not be further discussed for three reasons. First, the data for 
the dianion series is incomplete. Second, the data that we do have for the dianion series 
show exactly the same trends as can be seen in the monoanion series. Third, in general, 
we assume that the reaction is taking place at the monoanion. We believe that it would be 
incredibly unfavorable to place a second electron into a single PAH while others (e.g. 
naphthalene) in the solution remain neutral. This is what would be required in order to 
access the dianion under our anionic cyclodehydrogenation conditions involving 
potassium naphthalenide. 
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Table 4.1. Cyclization TS calculations (B3LYP/6-31G*) and experimental data  
Starting 
Molecule 
Number 
Starting Molecule 
Name (abbreviated) 
Ring 
Descriptor1 
monoanion EA  
(kcal/mol)2 
dianion EA 
(kcal/mol)3 
Observed 
yield4 
16 1,1'-binaphthyl 6 MR (17) 31.8 NA 98% 
    5 MR (29) 41.1 37.6 0% 
27 1,2'-binaphthyl 5 MR A (28) 42.7 NA 6% 
    5 MR B (29) 40.7 37.2 0% 
36 naphthophenanthrene 6 MR (37) 31.1 NA 99% 
    5 MR A (38) 36.6 32.6 0% 
    5 MR B (39) 38.3 33.9 0% 
43 naphthofluoranthene 6 MR (44) 34.2 28.8 9% 
    5 MR A (45) 47.2 44.6 0% 
    5 MR B (46) 51.5 48.4 0% 
30 phenylnaphthalene 5 MR (31) 44.1 38.7 <5% 
52 naphthocorannulene 6 MR (53) 33.5 28.5 52% 
    5 MR A (54) 39.3 32.8 <5% 
    5 MR B 45.1 40.5 0% 
55 phenanthrocorannulene 6 MR (56) 33.9 29.2 32% 
    5 MR A (57) 37.8 31.5 38% 
    5 MR B 41.9 37.6 0% 
18 [5]helicene 6 MR (19) 25.8 NA 98% 
34 [4]helicene 5 MR (35) 51.4 NA 0% 
25 diphenylphenanthrene 6 MR (24) 36.4 NA 0% 
22 biphenylphenanthrene 6 MR (24) 30.2 NA 44% 
32a 9-phenylanthracene 5 MR (33) 47.2 31.3 0% 
32b 1-phenylanthracene 5 MR (33) 44.7 38.3 0% 
bicorannulenyl 6 MR 35.2 NA NA 
    5 MR 42.6 NA NA 
20 o-terphenyl 6 MR (21) 34.2 NA 18% 
40 biphenanthryl 6 MR (41) 33.7 NA 97% 
    5 MR (42) 37.2 30.4 0% 
50 decacyclene 1 x 6 MR 68.5 54.7 0% 
    2 x 6 MR 90.7 83.6 0% 
    3 x 6 MR (51) NA NA 0%  
1Ring descriptor denoted the ring size that is formed upon cyclodehydrogenation (A & B are used to denote different 
molecules). 2Values are taken as the difference between the calculated transition state energy of the monoanion and the 
lowest energy conformer of the monoanion. 3Values are taken as the difference between the calculated transition state 
energy of the dianion and the lowest energy conformer of the dianion. 4All reaction times = 20 min, and temps = 90 °C 
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 All reported yields are for reactions times of 20 min at 90 °C in a microwave. 
This is to provide a means of standardization for comparison purposes. Some reactions 
can achieve higher yields with longer times (such as o-terphenyl and 1-
phenylnaphthalene), and for details regarding these conditions, please refer to the 
experimental section of chapter 3. 
Figure 4.1 depicts two sample transition states obtained by our method. In both 
transition states of the 1,1'-binaphthyl monoanion, the hydrogens at the site of the 
incipient carbon-carbon bond are flared out of planarity as the carbons to which they are 
attached begin to adopt sp3 hybridization. All calculated transition states share this 
similar feature. 
        
Figure 4.1. Five and six membered ring transition states of 1,1'-binaphthyl (16) 
 We begin by examining the activation energies of both five and six membered 
ring cyclodehydrogenation transition states for the 1,1'-binaphthyl (16) monoanion. The 
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six membered ring TS is approximately 9.3 kcal/mol lower in energy that that of the five 
membered ring. This energy difference results from a combination of steric or electronic 
factors that disfavor the five membered ring formation. The rate of formation of the six 
membered ring is therefore much greater than that of five membered ring formation. So 
much so, that no five membered ring product would be expected. This is exactly what we 
see in our experimental observations. 
 In the case of 1,2'-binaphthyl (27), the transition state energies of both five 
membered ring products are reasonably high. Surprisingly, the isomer with the slightly 
higher energy TS is the one that leads to the experimentally observed product. The values 
of these TS are very close, perhaps within each other’s margin of error. Additionally, 
only a very small amount of the symmetrical five membered ring product was actually 
formed. Due to the plane of symmetry, this product would be more easily detectable by 
NMR (for this reaction, NMR integration was used to calculate the yield) than the non-
symmetrical isomer which was not experimentally observed. Perhaps if this reaction were 
run on a larger scale the actual yield of each isomer (albeit low) would be closer to a 1:1 
ratio. 
 The data presented for 1,2'-binaphthyl (27) are the only calculations that do not 
show a clear correspondence with what was experimentally observed. In all other entries 
in table 4.1, if cyclodehydrogenation does occur, it occurs through the transition states 
with the lowest calculated energy. Amongst all the cyclodehydrogenations calculated and 
performed in the laboratory, any transition state with a calculated energy lower than 35 
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kcal/mol was shown to lead to the corresponding cyclodehydrogenation product. Only a 
few examples of cyclodehydrogenations that had calculated transition states over 35 
kcal/mol were observed to give product. These transition states are 1,2'-binaphthyl (27), 
1-phenylnaphthalene (30), the 1,9'-phenanthrocorannulene five membered ring (55), and 
the 1,1'-naphthocorannulene (52) five membered ring. 
 In the case of 30, even though product is formed, three hours of microwave 
assisted reaction time is required to convert 20% of the starting material to fluoranthene. 
This perhaps shows that these transition state energy calculations are best used as relative 
values. For a given starting material, the transition state calculations are very reliable at 
predicting which product should form (or which should be the dominant product). 
However, care should be taken in relying on these values for a concrete transition state 
barrier which cannot be overcome by this reaction. A ballpark of approximately 35 
kcal/mol (give or take a few kcals/mol) seems to be the general threshold for this 
reaction, but as the data stand now, we should be wary of relying too heavily on that 
value. 
 If we choose to look only at the transition states that lead to experimentally 
observed five membered ring products (27, 30, 52 and 55) another correlation is 
observed. The five membered ring transition state of 55 is calculated to be 37.8 kcal/mol 
and give a 36% yield of cyclized product. Molecules 27, 30, and 52 all have observable 
five membered ring products with transition states calculated in the range of 39-44 
kcal/mol. Expectedly, their yields are lower than 55, all falling around 5%. Any five 
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membered ring transition state calculated to be 45 kcal/mol or higher does not lead to 
observable cyclodehydrogenation product. For unknown reasons, this trend seems to 
suggest that the threshold of reactivity specifically for five membered ring 
cyclodehydrogenation lies somewhere in the 40-45 kcal/mol range (about 5-10 kcal/mol 
higher than the threshold for six membered rings). 
 The only remaining bit of data that needs to be addressed is the transition state 
calculation of 25. Within the family of “o-terphenylenes” (20, 22, and 25), 25 has the 
highest calculated transition state at 36.4 kcal/mol. The reason for this likely relates back 
to the concept of the transferred electron being tied up in the phenanthryl moiety of the 
molecule. If the electron is tied up in this reactivity “dead zone”, then more energy would 
be required to move the electron density to the site where the bond will be formed. 
Interestingly, the yields of the “o-terphenylenes” (20, 22, and 25) correlate very nicely 
with the calculated transition states energies. As the energies decrease, an increase in 
yield is observed, further supporting the power of B3LYP/6-31G* TS calculations for 
anionic cyclodehydrogenation reactions. 
 While we did not run a cyclodehydrogenation reaction on bicorannulenyl, we did 
calculate transition state energies for both five and six membered ring closures. The six 
membered ring formation seems well within the realm of possibility with a TS of 35.2 
kcal/mol. The five membered ring TS sits about 7 kcal/mol higher in energy, and, given 
that a competition would be in play between the two isomeric transition states, we would 
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expect to observe experimentally only the six membered ring product. We hope that in 
the near future this prediction will be validated. 
 
4.4. Concluding Remarks 
 It has been shown that B3LYP/6-31G* calculations can be used to predict relative 
product formation ratios for a given starting material undergoing microwave assisted 
anionic cyclodehydrogenation. In the future we hope that more data can be added to our  
findings, further revealing the finer points associated with this fascinating reaction and 
leading us towards understanding its mechanism in greater detail. 
